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l. INTRODUCTION 


Most of the factors affecting the demand for electric energy in 
the Province of Ontario are beyond the control of Ontario Hydro. 
Of those that lie within Ontario Hydro’s control, the two most im- 
portant are the price charged for electric energy and the quality 
of the service supplied. These, in turn, depend upon the amount 
and type of inputs employed in the business, upon the con- 
straint of recovering the cost of these inputs, and upon the types 
of rate structures employed to recover these costs. Other fac- 
tors which affect demand and are under Ontario Hydro’s control 
are the amount of information supplied to the market and (to 
some extent) the results of research into the hardware and us- 
age patterns of equipment using electricity. 


Total revenues required in any given period are in part the result 
of investment and operating-decisions made at some earlier 
time in order to meet some forecast of demand, subject to a set 
of uncertainties which are dictated by the magnitude of forecast 
error, the performance of the equipment, and the general opera- 
tion of the market upon the supply prices of the inputs. 


Consequently, costs and prices today have been determined 
first by decisions to invest in plant and other inputs, based on of 
anticipations arising from demands of the past, and second by 
the prices of these inputs. The resulting demand, in turn, is de- 
termined, but only in part, by these prices. 


There is no formal model that describes this state of affairs in 
quantitative terms. Nor is it possible to use one to predict when 
one is available with acceptable accuracy. Instead the process 
has tended to be subdivided into manageable components on 
the supply and demand sides respectively, with considerable 
human judgement entering into the making of decisions. 


Econometric models yield results on total energy, which may be 
broken down into various end uses. 


Econometric models are therefore potentially useful (a) for 
checking aggregate energy forecasts made by other means, 
and (b) for testing the sensitivity of electrical demand to 
changes in policy variables and in other variables. 


During the late 1950s and early 1960s, attempts were made to 
assess the effect of natural gas from Western Canada upon the 
demand for electric energy - that is, the cross-elasticity of de- 
mand of the price of gas. A reduction of 50 per cent or so in the 
price of gas, had a considerable effect on the water-heating 
market, which tended to be linked to the space-heating market. 
Oil space heating, on the other hand, tended to be associated 
with electric water heating; and as long as that was so, oil and 
electricity tended to complement one another. But with the in- 
troduction of electric space heating in Ontario in 1959, oil and 
electricity tended to be competitive products. Since these two 
tendencies imply opposite signs for the coefficient of oil in an 
electricity demand function, it is not altogether surprising that 
current results on the effect of oil prices are somewhat ambigu- 
OuS. 


Other factors considered dominant in residential demand were 
income and the price of appliances. 


The earlier findings were based on time series analysis rather 
than cross-section or pooled data, and were therefore not 
greatly trusted; but they were thought to be useful as an indica- 
tion of the orders of magnitude. 


With industrial demand, once natural gas arrived it tended for 
the most part to compete with coal. The availability of cheap 
natural gas may also have removed an impediment to Ontario’s 
growth, and thereby served to increase the demand for electric 


energy. With the prospect of higher prices for coal and gas and 
with increasingly stringent environmental controls, it seems 
likely that gas may cease to be in any way complementary, and 
that in industry electricity will tend to become a substitute for 
both gas and coal. This is merely to warn that relationships may 
change over time. 


The contents of this volume describe attempts Ontario Hydro 
has made in recent months to derive demand functions for vari- 
ous Classes of electrical energy. Also included is a report of sig- 
nificant attempts (other bodies have made) to do the same for 
Ontario, and a report on the state of the art in other places. 


Ontario Hydro’s efforts have been concentrated in the residen- 
tial field. The Mathewson model included in Appendix I! is based 
on an explicit theory of consumer behaviour over time, in which 
consumers decide for themselves what appliances they wish to 
own, depending on their circumstances. The technical charac- 
teristics of appliances determine how much energy each can 
use; and the demand for electricity follows from that. The model 
iS a comprehensive one, requiring data that did not exist in 
sufficient detail and bulk when it was run. There may, therefore, 
be problems with interpreting the results. 


It will be noticed that, apart from Fuss and Waverman, no-one 
has made any explicit studies of commercial demand. In part, 
this stems from the heterogeneity within the sector and in the 
Sparse data available. The general rate makes these data even 
harder to interpret. It was not possible to study the commercial 
sector, which was unfortunate, since that sector has been grow- 
ing most rapidly. 


In the industrial sector, the industrial structures and technolo- 
gies of Canada and the United States were assumed to be simi- 
lar enough to permit using a model developed for the United 
States. The NERA model used for this purpose is a simple con- 
Stant-elasticity one. The values estimated for the United States ° 
underforecast the growth in demand in Ontario. 


The positive conclusion one can draw from these efforts is that 
demand does respond somewhat to real reductions in price. 
However, the measurements made leave room for uncertainty, 
especially for the future, in which the real prices of all kinds of 
energy are expected to rise. Normally, one would expect in- 
creases in price to lead to greater price sensitivity; for example, 
the long-run effects of price increases might be a decline in cap- 
ital investment in plant, or (alternatively) redesigning that plant 
to be more energy-efficient. However, since there are no effec- 
tive secondary markets, declining investment involves Capital 
write-off; and consequently the adjustment process is confined 
to new and replacement decisions which would tend to slow the 
adjustment process. 


A further complication is that electricity is used for a wide range 
of purposes, each with its own set of responses to such factors 
as price, competitive prices, and incomes. This gives rise to de- 
mands for increasingly detailed analysis, in order to arrive at a 
properly weighted response of total demand. For predicting pur- 
poses, the forecasting-exercise thereby becomes more compli- 
cated without necessarily becoming more accurate. 


ll. THE DEMAND FOR ELECTRICITY 


A. DETERMINANTS OF DEMAND 


1. Theory 


An individual consumer's demand for electricity is defined as the 
amount of electricity he wishes to buy in a given interval of time. 
An economist is interested in the factors which affect this de- 
mand. Because a specific length of time is involved, demand is 
measured in kilowatt-hours. A variable of great interest to elec- 
tric utilities is peak demand, which is measured in kilowatts. For 
electricity, the economic variables that can vary over a period as 
short as a day are the price of electricity and congestion costs 
(blackouts, for instance). 


What factors will affect the time and number of kilowatt-hours of 
electricity consumed? Before going into them in detail, one must 
first note that the demand for electricity is a derived demand. 
Electricity is rather a means to such ends as cooking food or 
driving buses. Since electricity is used in conjunction with some 
kind of capital, economists distinguish between two theoretical 
time periods: 


1. The short run. lt is assumed that the amount of capital 
equipment using electricity is constant, and the demand can 
be altered only by changing the intensity of its use: for in- 
stance, by turning thermostats down. 


2. The long run. The amount of capital equipment using elec- 
tricity is assumed to be variable. For example, if the price of 
gas increased greatly, residential customers might convert 
to electrical heating. 


it should also be noted here that consumers have little scope for 
altering their demand for electricity in response to changes in 
price or income in the short run.! 

The demand for electricity is thus approximately proportional to 
the stock of capital equipment. Some economists have therefore 
tried to explain the demand for electricity indirectly by explaining 
the stock of capital equipment. 


Many factors affect the amount of electricity consumed. The 
main ones are listed here: 


1. The Price of Electricity. One would expect that the higher 
the price of electricity, the lower would be the amount de- 
manded. A complication arises because of the way electric- 
ity is usually priced. A customer does not face a single 
price, but rather a block rate schedule. This raises enough 
problems to warrant a separate section. 


ine) 


_ Income. One would expect that the larger a consumer's in- 
come was the greater his demand would be for electricity. 
This would probably be the result of owning a larger capital 
stock rather than short-run variations in demand. 


3. Prices of all Other Commodities. Obviously some commodi- 
tites will be much more important than others. If the price of 
gas rose greatly, one would expect some consumers at 
least to convert to electricity and so increase the demand 
for electricity. If the price of electric stoves increased one 
would expect people to buy fewer of them, and so bring the 
demand for electricity down. For electricity, gas is a substi- 
tute good and electric stoves are complementary goods. 


4. Housing and Demographic Characteristics. |mportant varia- 
bles in this category include new houses, the total number 
of apartments, and whether consumers live in an urban ora 
rural setting. The main difference between old and new 
homes is consumers in the former usually have a large fixed 
investment in, say, their space heating equipment, whereas 


consumers in the latter do not. This would tend to offset any 
(relatively) small changes in the variable costs, i.e., fuel 
prices, of running this equipment. Thus, with the inclusion of 
new homes as an explanatory variable one would expect 
the elasticity of demand with respect to fuel prices to be 
higher. Apartments are important for several reasons, the 
major one being that many are bulk-metered and as such 
are not included in the residential sector. If people in bulk- 
metered apartments behave differently to people in single- 
metered apartments with respect to their electricity con- 
sumption this will bias the results for the residential custom- 
ers. Thus apartments are included as an explanatory varia- 
ble to take out this effect and is expected to enter with a 
negative sign. 


5, Non-economic factors. The main factor in this category is 
the weather, usually measured by heating degree days, 
cooling degree days or relative humidity. The effect of the 
weather is usually to change the intensity of use of equip- 
ment, e.g., if itis colder, space heaters are used more, al- 
though in the case of air conditioners it is expected to affect 
the stock, i.e., the ’muggier’ it is the more people have alr 
conditioners 


2. Price of Electricity 


Customers are not charged a single, uniform price for electricity, 
but rather either a declining-block rate structure or a two-part 
peak and energy price. These raise theoretical problems when 
one tries to pick a single price to include in the demand func- 
tion. 


The appropriate price variable to include in the demand function 
is the price consumers respond to in making their decisions 
about use. Standard consumer theory has it that the marginal 
price is the right variable to use and this follows from the mar- 
ginal conditions for maximizing utility within the limits of the 
budget. To maximize his utility, a customer must equate the ratio 
of marginal utility of the last unit of electricity he consumes, and 
the price of this last unit, to the same ratio for all goods. A con- 
sumer is not interested in a kilowatthour of electricity as such, 
but in the work electricity can do in (say) heating water. He 
needs, therefore, to know the relationship between the output of 
a particular good or service and the input of electricity. The util- 
ity he gets from consuming the last unit of this good or service 
must then be compared to the marginal price. But since the 
marginal price is a function of the amount of electricity bought 
for all purposes, he has to decide both whether to buy a given 
electric appliance, and how heavily to use it, at one and the 
same time. 


The existence of a declining block rate structure of electrisity 
price also causes econometric problems which must be faced 
before any attempt is made to estimate the relationship. The 
chief problem is called the identification problem. 


As the price of electricity goes up, one would expect people to 
demand less of it, and therefore, there to be an inverse relation- 
ship between the price of electricity and the quantity of electric- 
ity demanded. With a declining block rate system of pricing 
electricity, an increase in the quantity of electricity consumed 
causes the price (marginal or average) of this electricity to go 
down. This also is an inverse relationship between the price of 
1Demand does vary over the short run, though, in response to weather. Moreover, 


in times of stress or emergency, public appeals have changed consumption 
significantly. 


electricity and the quantity demanded. It is not a priori obvious 
how to separate the two inverse relationships postulated. Do low 
prices result in large consumption or does large consumption 
result in low prices? This is not an insurmountable problem as 
far as Modern econometrics is concerned, as long as it is recog- 
nized that it exists. 


The method most often used to remove the effect of quantity on 
Price is to use a Typical Electricity Bill for some given level of 
consumption. Since Typical Electricity Bills are contaminated by 
flat-rate changes for water heaters a marginal typical bill is also 
sometimes used. 


3. Estimation 


The general functional form of the demand for electricity equa- 
tion can be written as follows: De= DOP EY, Pog NEE) 


where 
1. Dedemand for electricity in kWh, 
2. PE=price of electricity, 
3. Y=income, 
4. P.g=prices of other goods, 
5. T=tastes and preferences, and 
6. NEF = non-economic factors. 


The problem of estimating is to assemble data for all these varia- 
bles and to determine the relationship between them using sta- 
tistical techniques. 


4. Level of Aggregation 


Finally, when embarking on an empirical study of the demand 
for electricity one must decide how to classify the data used. 
Generally, the dependent variable is not total kilowatt-hours, but 
rather sales to residential, commercial, and industrial customers 
separately. The variables affecting demand in these sectors are 
different enough, and so are the effects of the same variables, 
such as the price of electricity, to require separate equations. 


In studies of the residential sector, the dependent variable is of- 
ten consumption per capita, the justification for this being that 
total demand equals average consumption per capita times the 
number of users, and since there is nearly total saturation given 
the users involved, this variable will be completely unresponsive 
to economic stimuli. 


The industrial sector includes a very diverse group of industries; 
and when this sector is being considered, one will probably 
want to take the differences into account. 


B. SUMMARY OF MEASURES OF THE DEMAND FUNCTION 


A certain amount of information will be summarized in the esti- 
mated coefficients on all the independent variables in the de- 
mand function. There are, though, some other summary meas- 
ures, which are more widely known, easier to understand, and 
useful. These can be grouped under the general heading of 
elasticity of demand. 


1. Elasticity of Demarid 

Elasticity is a measure of how much the dependent variable in a 

demand function responds to changes in an independent varia- 

ble, all other variables remaining constant. More specifically, itis 
the relationship between a given percentage change inan inde- 

pendent variable and the resulting percentage change in the de- 
pendent variable. 


Several elasticities are of interest: 


a. The price elasticity of demand for electricity is the degree to 
which the amount of electricity demanded responds to 
changes in the price of electricity. Price elasticity of demand 
is interesting because of its relationship to total revenue: if, 
with a fallin price, the percentage change in the amount de- 
manded exceeds the percentage change in price, while all 
other things remain constant, then total revenue will rise. 
Demand is then said to be elastic. If total revenue had fallen, 
one would have said demand was inelastic; and if revenue 
had stayed the same, one would have said the elasticity was 
unitary. 


b. Income elasticity measures how much the amount of elec- 
tricity demanded responds to changes in income: as in- 
comes rise over time, how does that affect the demand for 
electricity? 


. Cross-elasticity of demand summarizes what happens to the 
amount of electricity demanded when the price of a related 
good changes. Thus, if the demand for electricity rises when 
the price of gas rises, these goods are said to be substitutes 
(that is, cross-elasticity is positive), while if the demand for 
electricity falls when the prices of large electric appliances 
rise, those goods are said to be complements (cross-elastic- 
ity is negative). 


(o) 


2. Measurement of Elasticity 


The exact measurement of elasticity depends on the actual sizes 
of changes in the variables of interest. Two types are shown in 
the accompanying table. 


1. Arc elasticity: finite changes in variables: 


P, + Py 
baa OQ eames meal eee) eee 
2 
=-(P2 = Py) (25 Q1) 
(erie (ae eat 
where 


1. E = Price Elasticity, 

2. Q = Quantity Demanded, 

3. P = Price, 

4. , = old (price and quantity demanded), and 
5. 2 = new (price and quantity demanded). 


The defect of this measure is that its value depends on the size 
of changes taken (which is essentially arbitrary). 


2. Point Elasticity = infinitesimally small changes in variables; 


Il 
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3. Elasticity and the Form of the Demand Function 


The explicit functional form chosen for the demand function has 
implications for the nature of elasticity. If the function is linear, 
then elasticity will vary directly with price along the demand 
curve and with shifts in that curve. If the function is logarithmic, 
then elasticity is constant. While using a logarithmic form is of- 
ten convenient, its implicit assumption of constant elasticity is 
subject to question. Insofar as high prices for a product tend to 
bring substitutes into competition, demand would tend to be 
more price elastic at higher prices and vice versa. This suggests 
a linear function, but there is no particular reason to believe de- 
mand functions are of constant slope throughout. 


ll. THE USES OF STUDIES OF THE DEMAND FOR ELECTRICITY 


A. LOAD FORECASTING 


A distinction must be made at the outset between the uses of 
past Studies of the demand for electricity and the uses of studies 
which could be done. This can best be seen by considering the 
uses of demand studies for load forecasting. As was stressed in 
the previous section, studies have concentrated on explaining 
kWh sales not kW sales, although at first sight the latter should 
seem to be the more important variable. But sales of kilowatt- 
hours must be satisfied from capacity of some kind or other: and 
given the future growth of sales as now forecast, the corre- 
sponding growth in peak load is the main thing one needs to 
know to decide what kind of generating-capacity is needed. 
Thus while analysis of peak demand would be a useful aid to 
making this latter decision, it is not in fact the primary concern. 


B. REVENUE ATTRITION 


A second use of demand for electricity studies, and in particular 
the estimated price elasticity of demand, is in forecasting how 
much revenue will be lost when prices are increased. The rela- 
tionship between the price elasticity of demand and total reve- 
nue was outlined in the last chapter. If demand is elastic, then if 
price rises, total revenue will fall: and it is important to know as 
precisely as possible by how much it will fall. If demand is largely 
inelastic, yet not altogether so, raising prices will also raise reve- 
nues, but the one rise will be less than directly proportional to 
the other. 


C. RATEMAKING 


The final use of demand studies is in designing rates. Price elas- 
ticity has some bearing both for determining costs and for set- 
ting rates based on those costs. Unless incremental costs are 
constant, they are determined by both supply and demand. 
Once costs have been determined, estimated price elasticities 
can play an important role in designing rates based on those 
costs. The main reasons for this, again, are the relation between 
price elasticity and total revenue, and the fixed revenue require- 
ments of electric utilities. If when all rates are set at their respec- 
tive long-run incremental costs the forecast total revenue ex- 
ceeds the approved total revenue, then the utility must set each 
rate below the respective long-run incremental costs. To obtain 
the optimum individual deviations from long-run incremental 
costs, one must know the price elasticities of demand for the 
customers in the various rate categories. The object is to mini- 
mize having demand grow in response to rates which do not 
cover the cost of the resources consumed in meeting It. Thus if 
demand in a particular category is quite elastic, rates should be 
set at very little less than long-run incremental costs, since small 
decreases in price will lead to proportionately greater increases 
in demand. The opposite is true if demand is inelastic, and rates 
should then be set lower compared to the respective long-run 
incremental costs. The difference between prices and incremen- 
tal costs varies inversely with the elasticity of demand, and so 
will minimize the inefficiency from setting prices below long-run 
incremental costs. This procedure has therefore come to be 
known as the inverse elasticity rule. 


IV. SURVEY OF THE LITERATURE 


A. INTRODUCTION 


Articles on the demand for electricity now number well over a 
hundred. The bibliography to this volume lists only the main arti- 
cles from the United Kingdom and the United States, with a sep- 
arate section on Canadian articles; but it is still very long. Sur- 
veying all of these articles would thus be quite a task; and the 
truth is that even the excellent surveys already done focus on 
only a very small share of the total. @ 

This section, therefore, will concentrate on only the most impor- 
tant articles, although including also a sub section on Canadian 
articles, since the other surveys do not do so. 


B. important Studies in the United Kingdom and the United 
States 


Since these are usually quite technical, a table is given explain- 
ing the main features of each. This, it is hoped, will let the reader 
to compare them more easily. 


One can distinguish four main groups of writers: 
1. Anderson; 
2. Halvorsen; 
3. Mount, Chapman, and Tyrrell and Cornell; and 
4. The MIT Energy Workshop. 


Since the articles within each group seldom vary as much as the 
groups, wherever possible one article from each group is cho- 
sen to represent the whole. Articles not fitting into any of these 
are nevertheless included if judged important. 


C. SURVEY OF CANADIAN STUDIES 


The main source for Canadian studies is the Institute of Policy 
Analysis of the University of Toronto. Except for the report of 
G.F. Mathewson and Associates to Ontario Hydro on residential 
demand, which is reviewed in the next chapter, they tend to fo- 
cus on Industrial demand. These studies bear comparison with 
those done anywhere in the world. 


The most interesting of these studies is the study by Fuss and 
Waverman,? 

because much attention is paid to the precise theoretical specifi- 
cation of the model. An outline of this study will follow to show 
how their theory is developed. 


Fuss and Waverman estimate demand functions for electricity 
for the residential, industrial, and commercial sectors using 
pooled cross-section/time-series data for five regions (the At- 
lantic Provinces, Quebec, Ontario, the Prairies Provinces, and 
British Columbia) for the years 1958 to 1971. Attention in this 
summary is focused on the industrial sector, since Fuss and 
Waverman paid most attention to this sector. 


Two basic models are considered in the industrial sector, the 
translog model and the logit model. 


1. Translog Model 


a. Theory 


Firms are assumed to determine their factor inputs at two 
stages. At the first stage firms determine the optimal inputs of 
each of four aggregate factors of production: labour, capital, 
raw materials, and energy. The production function which sum- 
marizes the possible efficient combinations of these is assumed 
to be of the ‘translog’ variety ‘in order to facilitate comparison 
with the U.S. studies’ 4 

Information contained in the production function can be com- 


bined with input prices to form a cost function which summa- . 
rizes the costs of each of the input combinations to the firm. This 
takes the form of Formula 1 in the accompanying table. 


If the firm is assumed to minimize costs, one can derive demand 
functions for each of the four inputs from the cost function. Writ- 
ing these in terms of cost shares, they take the form of Formula 
2 In the table. 


Each of the four aggregate factors of production is in fact made 
up of several components. Fuss and Waverman assumed that 
once the firm had determined the optimum amount of each ag- 
gregate it would then determine the optimal mix within each cat- 
egory. One can do this if one assumes that the aggregate inputs 
are in some way separable in the production function. Since 
Fuss and Waverman were concerned only with the demand for 
energy, they assumed that the production function was weakly 
separable in energy. Thus the weakly separated cost function 
for energy can be written as Formula 3 in the table. 


Again, if the firm is assumed to minimize costs, demand func- 
tions for each energy input can be derived; and these (again 
written in terms of shares of the total energy input) appear as in 
Formula 4. 


log C Ea ee PS + Ota LnQ + 7 Fak Ln P, Ln Pj 
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2See for example L.D. Taylor in theBel/ Journal, Spring 1975. 

3M. Fuss and L. Waverman, The Demand for Energy in Canada, Institute for Policy 
Analysis, University of Toronto, February 1975. 

4See vol. |, p. 40, and also Christensen, Jorgensen, and Lau, ‘Transcendental 
Logarithmic Production Frontiers’, Review of Economics and Statistics, February 
1973. 
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Price 
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Time Series 
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ctricity/month 


b. Estimation 


Estimation of the complete model is accomplished in two stages. 
The system of energy input equations (4) is estimated subject to 
various constraints: for example, that the sum of the shares 
adds up to one. Substituting the parameter estimates from the 
estimated equations in this system into the weakly separated 
cost function (3), one obtains an estimate of the aggregate price 
of energy index. This estimate is then used as an instrumental 
variable in the second stage, in which the set of input demand 
functions (2) is estimated, again subject to various constraints.° 


2. Logit Model 


This is an extrapolative model, based on the market shares of 
the fuels under consideration. Since the dependent variable ex- 
plained is the market share of a particular fuel, and this is limited 
to values between 0 and 1, this is where the name logit model 
comes from. 


Fuss and Waverman took particular care in choosing functional 
form in this model. They chose the one they did because of un- 
reasonable implicit assumptions in the more commonly used log 
and log-linear models. The linear form assumes it is as easy (or 
as hard) to capture an additional x per cent points of the market, 
no matter what level one has already obtained. It assumes that 
an increase in market share from 90 per cent to 100 percent is 
as easy as one from 10 per cent to 20; or again, that a fuel with 
18 per cent of the market is as likely to increase its market share 
by a third (to 24 per cent). The logit model, in contrast, assumes 
that as a fuel captures a larger share of the market, it is progres- 
sively harder to increase market penetration, and that con- 
versely as the market share decreases, it is progressively harder 
to lose the market share. 


This difference between these three forms can be more easily 
seen diagramatically, as in Figure 1. 


FIGURE 1 
Fuel % / oe linear 
of total Sat logit 
energy a7 linear 


market 


Independent 
Variables 


The demand function for each of the fuel 
types in logit form is: 


Ware, Ge Colo) Go ral 


ijt ijt + d, Me A + Zdm Dm 


ae 
Pajt 


lige = logit of fuel type i, region j, time t, 
= In Qs st GQ a Sat, 
Tee Te 


- all volumes in output Btu's 


- P eit - weighted average price of alternatives 
available to fuel i (weights are output 
Btu's, all prices in $'000 per mBTU's) 


D - regional dummy 
ay - total Btu's region j, time t. 


jt 


Fuss and Waverman do not incorporate 


constraints into their logit model. 


5 Replacing Pe with the instrumental variable PEP 


A. INTRODUCTION 


Two Studies of the demand for electricity have been done for 
Ontario Hydro by outside consultants. The first is a model of the 
residential demand for electricity in Canada, done by G.F. Ma- 
thewson and Associates of Toronto. The second is an applica- 
tion of the model of National Economic Research Associates, 
Inc. of New York City (NERA) of the industrial demand for elec- 
tricity to Ontario Hydro data. A short summary of each of these 


ee the complete Papers being included in Appendices || 
and Il, 


B. SUMMARY OF MATHEWSON MODEL 


1. Introduction 


This study develops and tests a model of residential demands 
for electricity and natural gas. Pooled cross-section time-series 
data is used, the cross-section being four regions of Canada 
(Quebec, Ontario, the Prairies, and British Columbia) and the 
years 1958 to 1971. 


Households can change their demand for electricity in two 
ways: 


1. The main way, by changing the number of electrical appli- 
ances they have; 


2. The more limited way, by changing the intensity of use of 
appliances already owned. 


The Mathewson Study concentrates on (1), assuming a fixed re- 
lationship between an appliance and the amount of electricity 
used, that is, that the intensity of use of applicances does not 
vary, 


A distinction is made between heating-decisions, which require 
lump-sum investments, and appliance decisions, which are 
more continuous in nature. Households usually make the heat- 
ing-decision only when they buy a new house or renovate an 
old one. At any other time the fixed costs tied up in the existing 
heating-system tend to dominate any variations in the costs of 
different heating-systems from changes in the relative prices of 
fuels prices. Mathewson therefore develops separate models to 
explain the heating and appliance demands for electricity in new 
and established dwellings. 


2. Heating-Demand for Electricity 


Not all households H(t) have the flexibility to adjust their heat- 
ing-systems. Those that do are those involved either with net ad- 
ditions to housing-stock (completions of new houses c(t) less 
destructions of old ones d(t)) or those undertaking major reno- 
vations R(t). One can associate the typical heating-demand of 
new houses e,, with the total number of new houses to obtain 
the heating demand of new houses. If data were available for 
d(t) and R(t), one could use the same procedure to determine 
the heating-demand for these classes. But they are not available 
(or so Mathewson assumes). 


en R(t) - e,4 d(t) = OueH (eels) 


where: 
typical heating demand in renovated houses 


hr ~ 
hd 
In any year, actual heating-demand will vary from typical 
depending on the weather. Total heat ing-demand can 
thus be represented by the following equation: 


typical heating demand of 'dead' houses 
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V. SUMMARY OF WORK ALREADY DONE FOR ONTARIO HYDRO 


AEP (t) = Qne (t) c(t) +O H(t - 1) + y® D(e) 
where: 


AE (t) = heating-component of residential demand for 
electricity 


D(t - 1) = weather variable = heating degree days 
0°, y° are constants. 
It is expected that: 


e (t) will be affected by such cost factors as 
C relative fuel prices, i.e., 


eno (t) = 50Px, ee Pe) 

where: 

BR» EB = prices of electricity, oil and gas, respectively. 
Combining equations (2) and (3), one obtains: 


SEY Ce) ig (2. ees Po) c(t) + O° H(t - 1) + y® D(e) 


3. Appliance Demand for Electricity 


Mathewson also develops a model of the appliance demand for 
electricity, along more traditional lines. He obtains an equation 
explaining it, which takes the following form: 


aE, * a([se,(-1), Po Po Pa’ ¥]H(t)) (5) 
where: 


Ef = appliance component of residential demand 
a for electricity ’ 


e,(-1) = typical appliance demand by a household in 
last time period 


Pa = user price of consumer durables 
Y = income 


Total Residential Demand for Electricit 
ma emand for Electricity 


This can be obtained from equations (4) and 
(5), and is the equation estimated by Mathewson. 


Results 


Of most interest are Mathewson's elasticity 
estimates. Reproduced here is part of Table 4, page 27, 


Heating 
Upper Lower Appliance 

EL P. il) -6.07 -2.28 -.01 

2) -6.86 -1.20 -.10 
EL Po 1) -5.00 -1.88 
2) -2.29 -0.40 
EL P 1) Sh 78) 1.40 
B 2) 4.71 83 


Two points are of special note: 
(a) The wide range of the elasticity estimates; 


(b) Oil for heating and gas appliances may be 
complementary, 


§G.F. Mathewson Associates, Residential Demand for Electric Energy and Natural 
Gas: A General Model Estimated for Canada with Forecasts, July 1976. 


C. AN ANALYSIS OF THE PRICE ELASTICITY OF 
INDUSTRIAL DEMAND FOR ELECTRICITY IN ONTARIO 
HYDRO’S SERVICE AREA: REPORT TO ONTARIO HYDRO 
BY NERA, MARCH 1976 


The primary purpose of this study is to ascertain whether pat- 
terns of the industrial demand for electricity during the period 
1964 to 1972 suggest price elasticities consistent with those 
estimated by NERA using U.S. data. These estimates range 
around -0.5 for a typical mix of industries.’ 


The methodology used is to apply estimated coefficients, ob- 
tained using U.S. industrial data, to similarly defined Ontario in- 
dustrial data, and to see how well the model predicts. The pa- 
rameters of the U.S. model were estimated from a cross-section 
sample of Standard Metropolitan Census Areas for 1963. Sales 
of electricity were regressed on a measure of economic 
activity,® 

the price of electricity, and the price of oil. These equations 
were estimated in logarithmic form. 


Separate equations were developed for six categories of indus- 
try: textile-mill products, paper and allied products, chemicals 
and allied products, petroleum refining, primary metals, and all 
other industries. This had to be done because most industries 
employ unique technologies that may largely explain the differ- 
ences in how intensively they use power. The rate of growth of 
total sales in the industrial sector was calculated after weighted 
elasticity coefficients for each industry were combined. 


lf the NERA model accurately predicts the observed pattern of 
industrial use in Ontario, it will be possible to draw inferences 

about the influence of output and price changes for electricity 
and alternative fuels on the demand for electricity. 


In fact, the model consistently underpredicts (see Table 1). Al- 
though NERA gives some reasonable explanations of why this 
happened, they suggest estimating a complete industrial model 
from Ontario data to obtain fully trustworthy results. 


Actual and 


TABLE 1 


Predicted Growth in Use of 


Electricity by Major Industries in Ontario 


1964-1972 


Predicted Difference 
Growth InUse Between Actual 
1964-1972 and Predicted 


Annual Adjusted Adjusted 
Growth for Price fOr Price 
in Use and Value and Value 
1964-1972 Added* Added 
(1) (2) (3) 
Textil 
Mill 
Products Satis Theilye -1.1% 
Paper & 
Allied 
Products DLE iL ys -1.3% 
Chemicals 
& Allied 
Products Diels 4.1% -1.0% 
Petroleum 
Refining 7.2% 3.3% -3.9% 
Primary 
Metals 4.8% 3.4% -1.4% 
Total 
Industries Ors 3.6% -1.4% 


Source: NERA Repo 


* 
Annual Rate Annual Rate By 
_ {of Growth in 


of Growth in 
Electricity 
Usage 


rt, Table III-3. 


Value Added 


the Price of the Price of 


Annual Rate 2) Annual Rate \83 
x of Growth in & of Growth in 
oil 


7Page |-1. 
8\/alue Added, or Value Added adjusted for ‘location effect’. 
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Electricity 


VI. WORK IN PROGRESS AT ONTARIO HYDRO 


A. INTRODUCTION 


Initial research on demand for electricity in Ontario Hydro’s 
service area has focused on electricity demand by residential 
customers. This customer class is only one of the major users of 
electricity. At present, two econometric models have been de- 
veloped to describe residential demand for electricity and a third 
Study using individual household data is at the preliminary 
Stages of development. The main differences among these mod- 
els can be described in terms of two characteristics: (1) the level 
of aggregation of end-uses of electricity, and (2) the level of ag- 
gregation of the consuming unit considered. One model which 
has been developed and completed is the Mathewson model 
presented in Appendix II of this report. Of the three Studies, 
Mathewson’s is the most aggregate in terms of both the charac- 
teristics described above. Mathewson disaggregated residential 
use into two components: space heating use and all other uses 
of electricity. Four regions of Canada are the consuming units. 
The second model developed for residential demand involved 
the application of NERA’s methodology to data specific to On- 
tario Hydro’s service area. The NERA model disaggregates end- 
uses of electricity into two components: uses of electricity for 
which competitive fuels are available, and those uses for which 
competitive fuels are not available. The competitive uses of elec- 
tricity not only include space heating but water heating, cooking 
and clothes drying as well. The consuming units used in the 
analysis are towns in Ontario Hydro’s service area. Finally, a 
third study of residential demand is being developed which will 
disaggregate end-use of electricity similar to the NERA model. 
However, the consuming unit modelled will be the individual 
household. 


Each of these models differs in its approach to analysing resi- 
dential demand for electricity, and therefore serves different pur- 
poses. Since the bulk of this chapter is devoted to discussing 
the second model, we will discuss the usefulness of such a 
model here. It should be noted, however, that aggregate mod- 
els, such as that developed by Mathewson, should be consid- 
ered in conjunction with more disaggregate models. Generally, 
the approaches generate similar results when properly interpret- 
ed. However, the advantage of a more disaggregate model of 
residential electricity lies in the additional information available 
in a disaggregate model. For example, it makes no sense to 
conclude from an analysis of total residential consumption that 
consumers’ responses to increases in real electricity price will 
be determined by an elasticity of -I.0 or higher when that elastic- 
ity reflects, in very large measure, the appliance decisions of 
consumers rather than decisions on how to use those appli- 
ances. In a period of rising fossil fuel prices and, perhaps more 
importantly, limited availability of fossil fuels, residential consum- 
ers are hardly likely to substitute fossil fuels for electrical energy 
in space heating, water heating, clothes drying and cooking ap- 
plications. Quite the contrary is the case as all available data 
strongly indicate. Consequently, the need to consider separately 
appliance decisions of residential customers and net usage of 
electricity by these customers once appliance decisions have 
been made flows directly from the need for a reasonable basis 
for making forecasts of future sales growth that are responsive 
to the realities of current and prospective market conditions 

both from the standpoint of demand and supply. 


The remainder of this chapter will be organized as follows. Sec- 
tion B outlines the NERA methodology, summarizing the equa- 
tions to be included in the model. Section C then discusses the 


ND) 


application of this methodology to Ontario Hydro’s service area. 
Specifically, the preliminary econometric specification of the 
model and the data used in the model are described. Section D 
presents the preliminary results of both the competitive-use 
model and the net-use model. The first mode! consists of equa- 
tions explaining the stock of competitive appliances, while the 
second explains both the intensity of use of those appliances 
and also electricity use by appliances for which no competitive 
fuels are available. This section also contains a discussion of the 
limitations of our preliminary results. Finally, Section E describes 
ongoing research with the NERA model. 


B. AN OUTLINE OF THE NERA MODEL OF THE 
RESIDENTIAL DEMAND FOR ELECTRICITY 


NERA breaks down total residential sales in the following way: R 
= CxR/C, where R = total residential sales in kWh andC = 
total number of residential customers of electricity. One does 
not expect changes in, say, the price of electricity to affect the 
total number of residential customers of electricity since virtually 
everybody uses some electricity nowadays anyway. NERA thus 
breaks down total residential sales in kWh in the above manner 
so that one can focus the analysis on the variable which really 
does and can change - the average consumption of residential 
customers. 


There are two distinct decisions on the part of consumers which 
determine R/C: 


|. the decision on how large the stock of electricity-using 
equipment should be. 


2. the decision on how intensely to use that stock. 


As far as the first decision is concerned, two separate markets 
of electricity exist: those electricity-using appliances for which 
substitutes using alternative fuels exist; and those which can be 
fuelled only by electricity. Since the reaction of customers to an 
increase in the price of electricity if substitutes are available will 
necessarily be different to that if no substitutes are available, 
NERA disaggregates average residential use in the following 
way: R/C = RA/C + RN/C, where RA = usage related to 
electricity-using appliances which have substitutes which use 
alternate forms of energy, and RN = net usage. NERA then de- 
velops separate models to explain the two components of aver- 
age residential use. 


1. Appliance-Related Usage 


There are four electricity appliances for which competitive fuel 
sources are available. These appliances include space heaters, 
water heaters, cookers and clothes dryers. Appliance-related 
usage then represents some aggregate of the use of these four 
appliances. Specifically, appliance-related use per total residen- 
tial customer is defined as follows: 


where 


A, = average use of appliance i by customers owning the 
electrical appliance. 


S| = saturation of appliance i as a pure ratio. 


Computationally, this implies the following. S; is defined as the 
number of customers owning electric appliance i divided by the 
total number of customers, or the proportion of residential cus- 
tomers owning a particular electric appliance, say, an electric 
space heater. Therefore, considering the calculation in greater 
detail: 

S, = number of customers owning electric appliance i divided 
by the total number of customers 


A, = total use of appliance i divided by the number of customers 
owning electric appliance 


Since the numerator in S, and the denominator in A; are equal, 
they cancel, leaving the ratio of: total use of appliance i divided 
by the total number of residential customers 


Summing this ratio for all four appliances yields appliance-re- 
lated use per customer. 


Thus in order to explain the level of appliance-related use, its 
two components must be explained. 


a. A; = average electricity use of appliance | 


Average use figures are available for the whole of Ontario for the 
four competitive appliances. At this time, no such data are avail- 
able for the individual municipalities and possible methods of 
developing behavioural equations relating use of space and 
water heaters to climate or conditions are being investigated. 


b. S; = saturation of electric appliance i 
A set of behavioural equations was developed to explain the sat- 
uration of the four competitive appliances: space heaters; water 
heaters; cookers;-and, clothes dryers. The equations postulated 
for each appliance can generally be described as follows: S; = 
(Ey Rasy Vp ADD) tel) 
where 

|. S, = saturation of electric appliance i, in some form 

2. P. = price of electricity 

3. Por = price of competing fuels 

4. Y = income per capita 

5. HDD = heating degree days 

6. H = collection of housing and demographic characteristics 


The specific appliance equations used for the Ontario Hydro 
model and their econometric specification are discussed in Sec- 
tion C of this chapter. However, several things about these 
equations should be noted. 


First, while all customers own some form of space-heating, 
water-heating and cooking, this is not true of clothes dryers. 
Therefore, an additional equation explaining total clothes dryers 
is estimated, before explaining electricity’s share of the clothes 
drying market. Second, the role of income may be expected to 
play a major role in determining total clothes dryer saturation; Its 
role elsewhere is indeterminate. Third, the relevant housing 
characteristics will differ across the four appliances. 


2. Net Usage 


Net usage is defined as usage by appliances for which no com- 
petitive fuels are available and above- or below-average use by 
the four competitive appliances, or the intensity of use of these 
four appliances. The factors affecting net usage will differ from 
those affecting the saturation of the four appliances. Specifical- 
ly, competitive fuel prices are irrelevant in determining the inten- 
sity of use of the appliances, once the decision to own the appli- 
ance has been made. Included in net use is air conditioning use, 


which usually enters explicitly into the net use model to recog- 
nize approaching maximum saturations. In addition to air condi- 
tioning saturation, the variables in the net use model include 
price of electricity, income, housing, demographic and climate 
characteristics. The NERA model also separately estimates 
equations explaining the level of air conditioning saturation. 
However, given the low levels of air conditioning saturation in 
Ontario Hydro’s area, we are not overly concerned with either 
its explicit inclusion in the net use model or a separate model 
describing that market. 


C. APPLICATION OF NERA METHODOLOGY TO ONTARIO 
HYDRO SERVICE TERRITORY 


1. Econometric Specification 


As described in Section B, there are two sets of equations to be 
estimated: 


a. equations describing the saturation of the four competitive 
appliances, and 


b. equations describing net use and air conditioning. 


We shall first discuss the econometric specification of the four 
competitive appliance models. 


Several specifications of the appliance models were estimated. 
The regression results presented in Tables | to 4 reflect a gen- 
eral specification of each of the appliance markets which appear 
to be appropriate for the Ontario Hydro Service territory al- 
though none of the equations is to be considered final. We will 
turn to a discussion of the specification of the individual compe- 
titive-use appliance equations. 


In the space-heating market the major competing fuels are elec- 
tricity, utility gas and oil. Because electricity and gas are both to 
be preferred to oil in terms of cleanliness, it is reasonable to as- 
sume that, at the same level of income and prices, electricity 
and gas are preferred to oil. Two equations are then estimated, 
the first explaining electricity and gas’s share of the space heat- 
ing market and the second explaining electricity’s share of the 
electricity and gas market. One would expect the second of 
these to be mainly determined by relative prices. Both of these 
equations were estimated in logit form.° 


In the water-heating and cooking markets electricity and gas ap- 
pliances comprise the whole market. Therefore, for both appli- 
ances explaining the saturation of electricity appliances is the 
same as explaining electricity’s share of the electricity and gas 
market. A single equation was estimated for each appliance, 
with the ratio of the price of electricity to the price of gas as one 
of the explanatory variables to preserve the adding-up 
constraints. 1° 


As was explained in Section B, estimation of electricity satura- 
tion of the clothes drying market should proceed in two steps. 
First, an equation explaining total clothes drying saturation is 
estimated and then a second equation explaining electricity’s 
share of that market is estimated. The specification of this mar- 
ket should thus be somewhat analogous to the space heating 
market. However, gas’s share of this market is so small that 


8That is, the dependent variable takes the form log(s/I-s) where s is the saturation 
being measured. This variable has the advantage of ranging over all positive and 
negative numbers rather than being constrained to a 0.0 to |.0 interval. It must be 
emphasized that the coefficients in this form of equation are elasticities. The 
formula used to estimate electricity price elasticity is presented in the Technical 
Appendix (forthcoming). 

10) ¢., that electricity’s share plus gas'’s share equals one. In the technical 
appendix a proof is given as to why this constraint is sufficient. 
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electricity’s share of the electricity and gas market is virtually 
€qual to one. We therefore estimated an equation explaining to- 
tal clothes drying (i.e., electricity plus gas) and an equation ex- 
plaining the saturation of electric clothes dryers which are al- 
most equivalent. 


In order to estimate a net use equation, appliance-related use 
must first be netted out of average use per customer. Although 
the appliance-related use of Space and water-heating is related 
to weather conditions (as was noted earlier), at the present time 
data reflecting these relationships do not exist. Our estimates for 
the average use of these appliances are instead averages for the 
whole of Ontario. Therefore our Specification of the dependent 
variable in the net-use model differs from the definition given in 
Section B-2 above, in that it includes the weather-sensitive com- 
ponent of space and water-heating use. We have included an 
additional explanatory variable in our net-use model, heating de- 
gree days, in order to take this factor into account. 


2. Data 


Ontario Hydro is a wholesaler of electricity as far as residential 
customers in Ontario are concerned. Electricity is first sold to 
the various municipalities in Ontario who then retail it to residen- 
tial customers. The data base used in thus study is a cross-sec- 
tion of Ontario municipalities. Since such disaggregated data is 
only available in census years, the data relates to 1971. So that 
as large a percentage of the population of Ontario would be in- 
cluded in the sample while keeping the sample points to a rea- 
sonable number, municipalities with population greater than 
10,000 were chosen. There are several sources of data. 


a. Statistics Canada 


The appliance, income, demographic and housing characteris- 
tics of the sample points were obtained from Statistics Canada. 
Included in the demographic characteristics was a breakdown 
of occupied dwellings by the principal type of fuel used for 
house heating, water heating and cooking. 


b. Ontario Hydro 


Data on the average consumption of electricity and typical elec- 
tricity bills at various levels of consumption are published by On- 
tario Hydro. Also obtained from Ontario Hydro was data on the 
average usage of different appliances in Ontario. It should be 
stressed that these figures were available only for the whole of 
Ontario. Heating degree days were obtained from Ontario Hy- 
dro. As there are only a limited number of weather stations in 
Ontario, for many of the municipalities the figure for heating de- 
gree days is in fact an estimate. The meteorology department in 
Ontario Hydro provided these estimates. Finally, the saturation 
of both electricity and gas clothes dryers was obtained from the 


Hydro Appliance Survey. 


c. Gas Companies 


Gas prices were obtained from each of the individual gas com- 
panies in Ontario. 


The raw data used in this study is listed in Appendix 4. As it is 
listed there, the data does not readily lend itself to meaningful in- 
terpretation. A more useful form of these data would be in the ; 
forms in which they were included in our models, e.g., the appli- 
ance data in the form of saturation ratios and not actual num- 
bers. In subsequent reports, such revisions in the data presenta- 


tion will be included. 


D. PRELIMINARY RESULTS 


In Tables One to Four, which follow, preliminary results obtained 
for the four appliances with competing fuels are set out. It must 
be emphasized that these results are preliminary and will 
change as we continue to refine the models in ways which will 
be discussed below. 


Table 1 


Regression Results for Space Heating 


8 s : 

In| SHE + SHG __|. 38.81 - 4.55 in MTEB, 
1- (°SHE+°sHc)| (5:30) (-2.89) 

aoe tgs woe 

(2.19) 


SHE 

1n| SHE + “SHG ||. 17.52 + 6.00 In P 

1 SHE (-7.90) (6.95) 8 
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eo = hh 


Table 2 


Regression Results for Water Heating 


ee Fe 
In “WME = -4.64 - 1.69 ln “AL 
(-1.03) (-3.45) Pe | (1.30) TOD 
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(.64) TD (2739) 


F = 139 


Table 3 


Regression Results for Cooking 


j MIEB, 
ln “CE = -11.9 ns i} ln ——— ce ey / ln ¥ 
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Table 4 


Regression Results for Clothes Drying 
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CDE NOD 
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| (-4.54) (2.09) (2592), 200 


-2.70 7A. +1.33 In HDD 
(-7.53) maors9) 
=2 = .64 
s Ss 
Tn || = SOE Ee CP | 8 92 62 ia Y 
1- [ Scpe A, Scne | (C2753) C62) 
NOD TA 
+ 1.26 —~~ - 3.42 + .44 In HDD 
(3.46) OP 10e6)ar o> a Cos) 
—2 = ./0 
5 
Key to Variables Used 
Sour - ratio of total occupied dwellings using 
electricity as principal fuel to heat home 
Scuc - ratio of total occupied dwellings using 
gas as principal fuel to heat water 
Suu - ratio of total occupied dwellings using 
electricity as principal fuel to heat water 
Sor - ratio of total occupied dwellings using 
; electricity as principal fuel for cooking 
S - saturation ratio of homes with electric 
CDE 
clothes dryers 
Seng - Sucuration ratio of homes with gas clothes 


dryers 


TEB, - typical electric bill for five hundred kWh 
consumption 


TEB, - typical electric bill for one thousand kWh 
consumption 


TEB, - typical electric bill for twenty thousand 
kWh consumption 


TEB, - typical electric bill for thirty thousand 
kWh consumption 


ee = TEB, - TEB, 


fe = TEB, - TEB, 


P, - typical gas bill for one hundred cubic 
feet consumption 


Y - average income of individuals 

TOD - total occupied dwellings 

NOD = occupied dwellings built 1961 to 1971 
inclusive 

TA - total apartments 

HDD - heating degree days 

in - natural log 

R2 - coefficient of determination adjusted 


for degrees of freedom 


Figures in parenthesis are "t" statistics. 


Turning first to the regression results for space heating our re- 
sults appear to suggest the following kinds of conclusions. Both 
electricity and gas prices play major roles in determining their 
share of the total market. It appears that new homes prefer elec- 
tricity and gas over oil as the fuel for space heating. Given the 
high correlation of new homes with income (approximately .75) 
the result appears to support our original hypothesis that elec- 
tricity and gas are prefered to oil if price and income warrant. 
Since most apartment houses are heated by oil the negative 
coefficient on the apartments variable is expected. The only sig- 
nificant variable found in explaining electricity’s share of the 
electricity and gas market is the price of gas. The insignificance 
of the price of electricity in this equation may be explained in 
part by the substantial difference in electricity and gas prices at 
the time this study is concerned with. 


Turning to the regression explaining the water-heating market, 
the fuel price ratio has the expected negative sign. However, the 
signs on the demographic and weather variables are not entirely 
satisfactory and at this time no conclusions in terms of these 
variables can be made. 


The results for the electricity cooking equation for the most part 
appear reasonable. The fuel price ratio enters negatively as ex- 
pected. Both income and new houses have a positive influence 
on electricity’s share of the cooking market. The reason for the 
strong positive effect of heating degree days, however, is not 
readily apparent. 


Finally, two sets of regression results are presented for clothes 
drying. For both the electricity and the electricity plus gas mar- 
ket the same independent variables have been included in the 
regressions and play similar roles. Income, new homes and 
heating degree days all have positive coefficients, as would be 
expected. Similarly, apartment houses have the expected nega- 
tive coefficient. In both equations fuel prices are insignificant. As 
was expected, income played a significant part in the clothes- 
drying market, but not in the other three. 


Table 5 presents the regression results for the net-use equation. 
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TABLE 5 
Regression Results for Net Use 


In (NU) = -2.95 - .31 Ln MIEB, + 1.03 In y 
(-.81) (-1.32) (2.29) 


+ ,98 a = 195 + 00006 HDD 
(2.30) (oa 5a) (1.50) 
+9003. AC poeta? 

(.63) 


Key to Variables Used 


NU - Net use 


MTEB, - TEB for ith kWhC - TEB for 500 kWhC 


2 

y - Average income of individuals 

TOD - Total occupied dwellings 

NOH - Occupied dwellings built 1961 to 1971 
inclusive 

TA - Total apartments 

HDD - Heating degree days 

AC - Saturation of single room and central air 
conditioning 

See! - Coefficient of determination adjusted for 


degrees of freedom 


Figures in parenthesis are "t" statistics, 


The coefficients on all the explanatory variables have the ex- 
pected signs. Of particular interest are the coefficients on elec- 
tricity price (-0.3) and income (+ 1.0), both closely correspond- 
ing to estimates obtained in similar studies in the United States. 
As expected, the stock of air conditioners, because it was so 
small, was not significant. 


Using these preliminary results, one can obtain some idea of the 
magnitude of the elasticity of the price of electricity for residen- 
tial customers. The own-price elasticity for this class is a 
weighted average of appliance-related and net-use elasticities, 
the weights being their respective proportions of average use. 
With respect to the electricity price elasticities estimated from 
the competitive-appliance models, we have obtained the follow- 
ing preliminary results: space heating, -2.0, water heating, -|.7, 
cooling, -0.3 and clothes drying, 0.0. Intuitively, the magnitudes 
of these elasticities appear reasonable. Electric space-heating, 
which is by far the largest use of electricity and which has two 
fuel competitors, has the largest own-price elasticity. The sec- 
ond largest use of electricity, water-heating, which at the time of 
this study was highly competitive with gas, has the second high- 
est price elasticity. The relatively low elasticity in the cooking 
equation appears reasonable. The insignificance of electricity 
price in the clothes drying market given the very low levels of 
gas clothes dryers is a result to be expected. That is, gas does 
not appear to be a major competitor in determining the level of 


ig 


electric clothes dryers. Rather, the primary factors determining 
clothes dryer ownership (which is almost equivalent to electric 
clothes drying ownership) are income and weather conditions. 
The electricity price elasticity for net use is -0.3. 


In our sample year, 1971, the relative proportions of total aver- 
age use per customer of appliance-related usage and net usage 
were 58 per cent and 42 per cent respectively. Using these 
weights, the overall own-price elasticity is -0.94: that is, (-1.4 x 
58) + (-0.31 x .42). This elasticity closely corresponds to esti- 
mates obtained in many other studies of the residential demand 
for electricity. 


E. ONGOING RESEARCH 


As we have emphasized throughout this chapter, the results 
from the application of the NERA model to Ontario Hydro’s serv- 
ice area must be regarded as preliminary. Nevertheless, the re- 
sults are encouraging, and further refinements are being ex- 
plored. 


The refinements of the appliance models will be focused on 
three main areas: 


|. The first area of concern is the competitive role of fuels his- 
torically in Ontario Hydro’s service area. The fuel prices in- 
cluded in the appliance equations reflect fuel supplies and 
price conditions only in 1971. However, since appliance 
saturations in 1971 reflect market conditions at least back 
through the 1960s, an analysis of historical competitive fuel 
prices seems warranted. Specifically, certain areas may 
have had historically low gas or fuel-oil prices, which may 
have diminished by 1971. 


. The second area for research is increasing the size of the 
data base to include rural areas within Ontario Hydro’s serv- 
ice area. Places with a population greater than 2500 will be 
included, more than doubling the size of the present sam- 
ple, which only includes places with more than 10,000 peo- 
ple. The benefits from increasing the sample size would be 
to introduce more variation in the economic and demo- 
graphic variables, yielding better estimates of the true 
effects of these variables. 


ine) 


3. The third area of refinement is the incorporation of oil price 
explicitly into the space-heating model, and possibly into the 
water-heating model. However, our primary interest is in 
modelling the oil space-heating market, since this is the 
market where oil is the chief competitive fuel. 


A second part of our research is concerned with further refining 
the net-use model. As was noted earlier, since space-heating 
use and (to a lesser extent) water-heating use are weather-sen- 
sitive, and weather conditions vary significantly across Ontario 
Hydro’s service area, behavioural equations relating electricity 
use in the space- and water-heating applications to weather 
conditions will be developed. We shall then be able to estimate 
more accurately how much of the apoliance-related use these 
two appliances account for. Developing these behavioural equa- 
tions depends on having the relevant data available. One source 
may be the data on individual households which is the basis of 
the third residential demand study. These data include appli- 
ance characteristics and electricity consumption by household. 
While electricity consumption includes electricity used by all ap- 
pliances, a model could be estimated using all-electric homes 
(that is, households with electric space and water-heating, 
cooking and clothes drying) as a data base. 


Once the entire residential model has been estimated satisfacto- 
rily, the next stage in the analysis is to use the model to forecast 
future residential sales. It should be noted that the forecasts 
made using the NERA model should be interpreted as long-run 
ones, since the model has been constructed to forecast long- 
run trends rather than short-run fluctuations around the trend. 
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Vil. RECOMMENDATIONS FOR FURTHER WORK 


When the studies currently in progress are completed the kWh 
consumption of residential customers in Ontario will have been 
thoroughly analysed. Commercial and industrial customers are 
also extremely important and analysis of their kWh consumption 
has been very sketchy, both in the literature in general and at 
Ontario Hydro in particular. It is recommended, therefore, that 
separate studies of the kWh consumption of electricity in the 
commercial and industrial sectors by undertaken. 


Leaving kWh sales, there are many aspects of the demand for 
electricity which need to be explored. The most obvious is the 
peak demand for electricity. It is recommended, therefore, that 
an analysis be undertaken of kW consumption. This would lead 
into many areas, the primary one of interest being peak pricing. 


Finally, the simultaneous nature of the determination of the price 
of electricity and the quantity of electricity demanded has been 
noted. The residential model using individual household data is 
one attempt to solve this problem. The problem must be faced 
also, through, at a more aggregate level. This would involve the 
building of a larger scale econometric model of Ontario Hydro. 
Because of its importance, it is recommended that such a model 
should be built. 
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INTRODUCTION 


This study builds and estimates a residential demand model for 
electricity and natural gas. The features of this model differentiating 
it from other models are: 

(i) a separation of household decisions into heating decisions, 

decisions requiring lumpy investments, and appliance decisions, 

decisions more continuous in nature; 

(ii) a corresponding empirical finding that price and income 

elasticities are much greater at the decision time for lumpy 

heating decisions than for continuous appliance decisions; 

(i177) an aggregation of households over regions facing different 

supply constraints on natural gas at any moment of time. 

Recent studies by Anderson (1973) and Wilson (1971) estimate 
residential demand models for electricity. Anderson's paper stresses 
the notion of flexible versus inflexible consumers. Unlike Anderson's 
paper where the proportion of flexible consumers is a non-linear parameter 
to be estimated, flexibility in our model is associated with major 
Changes in housing, either new or renovation, and thus major changes 
in the heating system. Our specification avoids the difficulties faced 
by Anderson in estimating this non-linear parameter. In addition, we 
estimate elasticities for on-going appliance accumulation. Although 
households with accumulated stocks of appliances may have reduced 
substitution opportunities due largely to thin secondary markets, 
such households have freedom in their decisions to augment their current 


stocks of durables. 
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Initially, our model was estimated using Canadian cross- 
sectional data in four regions from 1958 to 1971. Subsequently, 
observations across regions become available for 1972 and 1973. As 
elasticities of the sort estimated in this present paper are useful 
for forecasting demand, the additional observations were used to test 
the forecasting ability and thus, overall consistency of our model 


through time. 


MODEL 


To proceed more formally with the development of the demand 
equations, define heating and appliance components of residential 


Ulan ba(tbsvabaltls qs (t)s 


demand for electricity or gas as cS h 5 


n! 


( E,(t) represents units of energy type i = e(electricity) g(gas) 


- 


for use j = h(heating), a(appliance)). Total fuel demands are then 
for electricity and E9(t) = S16) + E9(t) for gas. 
Separate models are developed to explain heating and appliance demand 


in new and existing residences. 


First, we consider the heating demand for electricity. It is 
reasonable to expect weather conditions to influence heating requirements. 
Weather in our model is defined as D(t) , degree days below 65°F, 
and assumed to affect heating demand linearly. Thus, total heating 
demand for electricity is the sum of individual household demands plus 


a weather component: 

e e 

Ete enc) H(t) + y~ D(t) (1) 

where Se defines the "typical" heating demand by a household, and 


H(t) defines the number of households. 
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Taking a total differential of (1) yields: 


= 


; t-1) AH(t) + H(t-1) de,(t) + y"aD(t) — (2) 


AE (t) =e 


mi 
Households do not appear to adjust smoothly their purchase 

of heating equipment nor is there a developed rental market for neating 

equipment. Rather, purchases of furnaces are made infrequently and 

in lumpy amounts. Therefore, households which have the flexibility to 

adjust are those involved either with net additions to the housing 

stock i.e. completions of new dwellings’ (c(t)) Jess deaths of 

existing units (d(t)) or those undertaking major housing renovations 


(r(t)) . Associated with each of these elements is a demand component 


per unit, e.. 2 Oh 3 erdiats respectively. We would expect 


existing households not moving or renovating to maintain their previous 
demands for electricity net of any changes in weather conditions, 


i.e, H(t-1) Ae, (t) = 0. 


nf 
All of this permits us to rewrite (2) as: 
AE (Eos Coat t)aG (0) areeae yer iL lees dit daveDt umes) 
Now, consider appliance demand. The total demand for electricity 
for appliances is the sum of individual household demands so that 
ES (t) becomes: 


E(t) Snes (t) Pte) (4) 


where e,(t) defines the "typical" appliance load by a household. 
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By taking a total differential, the change in appliance demand 
may be written: 


@(t) = e,(t) aH(t) + H(t-1)se, (t) (5) 


New households (AH(t)) consume zero kwh of electricity in 
the previous period so their total demand in period t represents a 
change from their previous consumption. Consequently (5) may be 


written as: 
nee = (H(t-1) + aH(t))de, (t) 
= H(t)de, (t) (S) 
Substituting (5!) and (3) into our definition of the aggregate 


change in the residential demand for electricity means that this 


demand may be written as: 


age(t) = e, (t)C(t) + ep (t)r(t) - epg(tid(t) + H(t)se,(t) + yAD(t) 


ne! 
(7) is basically an identity derived from a definition of total! 

residential electricity demand with assumptions about the flexibility 

and inflexibility of certain energy demands together with a weather 

factor. The first four terms on the right-hand side of (7) reflect 

flexible heating demand; the next factor reflects changes in appliance 

demand by new and existing households. This paper proceeds by developing 

structural models to explain these separate components of demand. 

To facilitate this analysis, each of these energy demand decisions is 


developed as a separable or independent process for the household. 


NQ 


ates 


The choice of the type of heating system for new completions is 
characterized as a modal choice. Each new completion is equiped for 
heating by one of three options -- electricity, oil, or natural gas. 

In fact, heating and appliance decisions may be dependent. For 
example, houses choosing oi] heat usually have electric hot water and 
cooking while houses choosing gas as heat may have gas hot water and 
cooking. The choice is assumed to depend on the prices of the three 
fuels. In terms of more recent relative prices, it is important to note 
that fuels in any appliance-heating package may not remain immutable 
over all relative price changes. For example, historically oil and 
electricity have been complements as a heating-appliance package. 

More recently, the price of oil has increased relative to electricity. 
Sufficiently large relative price increases of this sort may result in 
oil and electricity becoming substitutes in home heating. This has 
implications for the interpretation of our empirical results. 

Logically, the price of insulation should enter the choice for 
heating fuels as well. However, it appears that most houses historically 
have been insulated up to the standards of existing building codes 
which suggests that these codes, rather than the price of insulation, 


were the controlling factor. 


Under these assumptions, the fuel choice decision for heating for 


each housing completion may be defined Preys 
ee a ee (8) 
he ~ eo 7g 
uy Unless required for understanding, time subscripts are dropped 


as a convenience measure. 
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or in linearized form 


ee e e e 
eho ocr ensure agPg (9) 


“hc 

Existing data do not permit direct measures of renovations or 
deaths of existing houses. Further, some experimentation suggests that 
there is no successful method of indirectly specifying the mode! to 


capture these effects. Consequently, we assume that 


Qneel > epged = o°H(t-1) (10) 


where om is a constant of unknown sign. 
Substituting this heating specification into (7) allows us 


to write the change in total residential demand for electricity as: 


ve e e e e e 
AE” = (a SOR aa ACa mu gic) (cag CU tale YAU REGS (11) 


Identical considerations for the residential demand for natural 
gas permits a similar specification of the change in aggregate residential 
natural gas demand. One important difference concerns the availability 
of natural gas for households over our sample period, 1958 to 1971. 

In 1956, the TransCanada Pipeline, a major East-West transmission line, 
was completed. This, together with expanding natural gas distribution 
networks, means that there was a dramatic expansion in gas availability 
for households during this period. Our model needs to account for 
these changes. To do this, define &(t) as the portion of households 
with access to natural gas at time t , a variable bounded between 
zero and one. Assume new housing completions have access to natural 
gas at the same rate as existing households. Then, the corresponding 


equation for changes in total residential demand for natural gas is: 


Oy Nw 
aeS = (a9 + a8p, + a8P, + a0P,) ce + @ H(-1)E(-1) + y9aD + Hag. ¢ (12) 
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We now turn our attention to the demand for energy for appliance 
use. Unlike heating systems, appliance stocks using both natural gas and 
electricity may be held by consumers. Therefore, the choice of 
appliances is characterized as a continuous variable model. Here, the 
choice is between gas and electric equipment, with oi] excluded as oi] 
is used only to a small extent in hot water heating and nowhere else. 

In the production of services¢/ from energy and durable goods 
by households we assume technological coefficients fixed at any moment 
of time. Under this assumption, we may aggregate units of durables and 
units of energy. If Se measures units of electric durables and S 


g 
measures units of gas durables, the associate energy packages are: 


(13) 


i 
(ao) 
N 


oF e 


(14) 


" 
= 
~N 


J, g 
where 6, 7 are technologically optimal kwh or mcf per unit of electric 
or gas appliance respectively. | 

The total stock of durables may be defined through the 


appropriate selection of units as S = S, + Sg . Net additions to 


the stock are gross investment (I) whose price per unit is defined as 
Py minus depreciation (6S) or 
Se eo (15) 
In any period, dollars from a given income, Y , not spent 
on additions to the stock of durables or energy payments are spent on 
an all-purpose good whose price is set equal to one and, for convenience, 
whose utility is assumed additively separable from "energy" utility. 


_ 


2/ It is important to note that there may be many such services 
y (or characteristics) so that households do not necessarily choose 
one fuel exclusively or select that fuel that minimizes output BTU cost. 
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If households maximize the discounted stream of utilities over 
a household horizon that is infinite, the associated appliance and 


energy household problem under our assumptions becomes: 
OTT Ra af rer ae 3 
Max J [Fe U(Y ola mP(S Sa) pl, Se? S S,)dt (16) 
subject to S =I-6S, 1>0 
where U(.) is separable, quasi-concave function and p is a constant 


discount rate. 
This is a straight-forward optimal control theory problem of 


3/ 


the type found in Arrow and Kurz.— Necessary and sufficient conditions 


for a solution are: 


=U, pero = 0 (17) 
ae, = bp) re se aU (18) 
h =A (p+ 6) + Uibpg - Us (19) 
Se los 6S (20) 
lim eas = 0 

tr 2 (21) 


Each of these equations affords an economic interpretation. 
) is the dynamic shadow price on the stock of consumer durables. 
Equation (17) states that a consumer should buy an additional unit of 
durable goods at each point in time until the value of that additional 
unit equals the foregone untility from the equivalent expenditure on 
other things. Equation (18) states that a consumer should hold one 


additional unit of a durable using electric energy when the marginal 


3/ K.J. Arrow and M. Kurz, Public Investment: The Rate of Return 
Se au Fiscal Policy, (Baltimore: Johns Hopkins Press, 


<9= 


utility from this unit just equals the sum of (a) the foregone marginal 
utility from the gas-using alternative durable and (b) the marginal 
utility foregone on other things from the adjustment in the energy 
bill due to the additional durable using electrical energy. This 
equation determines the optimal mix of electrical and gas appliances. 
Equations (19) and (20) are the dynamic equations in the system. They 
describe the on-going optimal evolution of the stock of appliances for 
this household over time. 

Substitution from equation (18) reveals that equation (19) may 


also be written as 
A =A(p + 6) + Usap, - Up : (19a) 
Equations (19) and (19a) permit identical interpretations for gas 
and electrical appliances. These equations are most easily interpreted 
in long-run equilibrium, i.e. d= S = 0. Equations (16) and (16a) in 
long-run equilibrium state that the optimal stock of appliances occurs 
when the discounted net marginal utility from a change in the stock of 
durables just equals the implicit discounted price on durables. 
Our interest in this model is an empirical one, i.e. how to 
use this model to derive a demand relationship for electricity for 
appliance use that can be estimated. In general, the procedure followed 
to derive such demand relationships is similar to that outlined in a 
different context in J.A. Rasmussen. 


To accomplish this empirical objective, we first need to solve 


equations (17) and (18) for: 


[=a ce (22) 
e, =e, (A, S) = 9S,(, S) (23) 
dus =y 94 OvnS) Bp7shises) (24) 


4/ J.A. Rasmussen, "Applications of a Model of Endogenous Technical Change 
to U.S. Industry Data", Review of Economic Studies, Vol. 40(2) No. 122, 
April 1973: 225-238. 
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Equations (19) and (20), the dynamic equations, evaluated 
at the optimal levels of the variables, I , €, » and g, under our 


assumptions yield one negative root (u) and one positive root (u') 


4 


These correspond to stable and unstable trajectories about steady state 


valueS, 07 lism. 7on9s 


By defining a vector of exogenous price and income variables 


ney ii ce (Pa> Pg» Py (0 woe 1) Gute linearizing the energy appliance 


demand equations about their steady-state levels (ex, gs) » we may 


define linear approximations to changes in individual demand equations 


for the on-going appliance use of electricity and natural gas: 


e 9c 
Ae, (14u(1-5))(14n") 0 gy || fe, (-1) 
: dg, (-1) (25) 
093 
Ag, 0 (14u(1-8)(14n9)-ysy> | [Av 


where P= AelOKen) s n? = An/t(-1), technological change parameters. 
Again, due to the changing availability of natural gas during 
the sample period, care must be taken in aggregating individual demands into 
regional demands. 
Using &(t) , previously defined as the proportion of 
households with access to gas, we may differentiate between two cohorts 
of households each of which has its own energy demand: 
(i) HG(t-1) = &(t-1).H(t-1). These are households that 
existed last period and continue to exist in an area currently and 


previously serviced by natural gas. 
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(ii) HG'(t-1) = (&(t)-&(t-1))H(t-1). These are households 
that existed last period and continue to exist in an area serviced only 
currently but not previously by natural gas. e 

As well, there are new households but it matters to them only 
whether the area is now serviced by natural gas. Note that total 
consumers with access to natural gas is the sum of these groups, i.¢e., 

E(t)H(t) = E(t-1).H(t-1) + (E(t) - E(t-1))H(t-1) + E(t)(H(t)-H(t-1)). 
For cohort (i), natural gas demand is given by Ag. in equation (25). 


For cohort (ii), natural gas demand is assumed to be “ugk where -y> (>0) 


is an adjustment rate for newly-serviced existing households; 9. is 
measured as the sum of (a) the long-run steady-state level of consumption 
that would have been used by these consumers in the previous year if 

gas have been available plus (b) changes in this long-run gas consumption | 


due to changes in prices and incomes included in the vector of exogenous 


ge 
variables Gi AY) . These assumptions have advantages for aggregating 


demand. 


* 
Defining gx(-1) = k E3(-1)/HG(-1) and Ee = Hg* and adding 


g 


natural gas demands across cohorts permits us to write: 


Hog,é = [1+u(1-6)][1m9]ae9(-1)-u°k €9(-1).HG! (-1)/H6(-1) 


* 
aed 


g 


The final model for the change in the residential demand for 
natural gas to be estimated is obtained by substituting (27) into (12) 


and adding a stochastic eror term: 
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AES = (+agpgtap tag, )ec+o9E(-1)H(-1) + FAD 
+o at y (1-6) ][14n 9469 (-1) : uk gE9(-1) HG! (-1)/H6(-1) 


* 
ag 
- day AV + Ug (28) 
Similar considerations yield a demand equation for the 
accumulation by households of appliances using electricity. Largely 
because of data limitations, no distinction is made between this 
electricity demand for households in areas serviced and not serviced 


by gas. The resulting demand equation for electricity for appliance 


use may be written as ee 


H(-Iae, = [14u(1-)]ETn°JOes(-1) - ugy® H(-1)4V (29) 


Substitution of (29) into (11), and the addition of a stochastic 


- 


error term, yields an analagous model for the residential demand for 


electricity: 
CUS (mee aePe + oan + apg )c + o°H(-1) + y°AD 


+ [14u(1-6) ][14n° Jae, (-1) - ugg? H(-1)0V + ug (30) 


Equations (28) and (30) represent residential demand equations 


2/ 


for natural gas and electricity that can be estimated with our data.= 


All the variables in these equations are defined in Table 1. 


Estimation 
Our demand equations are estimated using Canadian data 
aggregated into four regions -- Quebec, Ontario, the Prarie Provinces, 


Soy 


Lys Using oi] data and our heating model, an attempt was made to 

estimate a residential oil demand model. This model failed. Further 
as the recorded residential oil demand regressed against heating degree 
days gave for Ontario a coefficient on degree days that was not : 
significant, we question the reliability of this oil demand data. 
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British Columbia -- over the period 1958 to 1971. The pooling of time 
series data for the different regions is required because there are too 
few observations to estimate the models for each region individually. 
Such pooling implicitly assumes that the demand relationship is stable 
across regions and over time. 

The measurement of certain variables in these demand equations 
requires explanation. First, all housing completions are not homogeneous 
with respect to heating demands. To correct for this, and to smooth 
out the timing of completions, c is measured as a two year moving 


average of c which is defined as: 


. 
c = (completion of dwellings) x [} (eli Se X f 5] 
J 


where (i) j is the type of dwelling units -- single family, semi-detached, 


and row; (ii) wie is a set of "heating weights" from a provincial utility 


to reflect typical heating demand based on average size for each housing 


type: fsingle = 1, gare aS, af = .6. 

As residential demand excludes apartments, the variable 
"number of households" has to be corrected for households in multiple 
family dwellings. To accomplish this, H is measured as the number 
of households times the proportion of single family dwellings in all 
dwellings. 

Prior to 1963 due to high electricity prices relative to oil 
and natural gas, there was virtually no use of electricity for heating. 
To correct for this discontinuous adjustment in demand, first, define 
a dummy variable 6 = 0 prior to 1963 and 6 = 1 otherwise. Then, 


modify the change in total residential electric demand to: 
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AE = 6 + SAE, 


e 
ft 
AES 


The price and income levels and changes entering the demand 
equations should be expected price and income levels and changes. 

Based on a naive expectations hypothesis, realized levels and changes 
from the previous period are used for these expectations for these 
variables. 

Degree days are measured as degree days below 65°F, a heating 
degree day. There is no equivalent measure for degree days above 65°F, 
so cooling degree days remain a left-out variable in this model. 

Although the lagged endogenous variable in our model is 
ae! (-1) (ie, g), the previous change in residential consumption of 
energy of type i for the operation of household appliances, this 
variable is not directly measurable and is replaced by RESETS the 
previous change in total residential consumption, a substitution which 
biases downwards the estimate of Pte ttes eter ye! 

Estimation of the residential demand model for natural gas 
requires a series for HG(t) = &(t).H(t) and HG'(t-1) = (E(t)-E(t-1) )H(t-1). 
Neither of these nor &(t) is available as published data, but both 
are estimated through an estimated &(t). To accomplish this, for 
each of the four regions at time t~ , define PL(t) as the number of 


miles of natural gas distribution pipeline under 6 inches in diameter 


6/ Conceptually, this is tantamount to including in the regression 

a variable ae) (-1) which should be omitted. This varialbe should 
have a zero coefficient but it is constrained by the specification 
to have the coefficient [itu(1+5)][14n']. If aE (-1) is 
uncorrelated with the other exogenous variables, its inclusion should 
biased downwards our estimate of (l4u(1-6)][14+n'], the magnitude 
of the bias depending on the relative magnitudes of the variances of 


i i 
dE (-1) and AE, (-1). 
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(such: pipe is used for distribution as opposed to transmission). &(t) 
is estimated from a PL(t)/H(t) series together with a series on the 
proportion of households in urban areas (areas with populations of ten 


7/ 


thousand and over) .— 
To facilitate forecasting, variables are measured in units 
relative to 1971 values, with Ontario values arbitrarily selected 
amongst the regions. Estimation results for residential electricity 
are presented in Table 2; estimation results for residential natural gas 
are presented in Table 3. 
For natural gas, the lagged coefficient is not significantly 
different from zero and is dropped from the reported equation. This 
result indicates, measurement bias aside, that households in their 
continuous accumulation of gas appliance durables adjust very quickly to 
steady state levels. For electricity, the lagged coefficient is significantly 
different from zero. The presence of the lagged term raises one additional 
estimation issue. 
Ordinary least squares (OLS) estimates of models that 
include endogenous variables in the presence of any autocorrelation in 
the error term yield inconsistent estimates of the parameters. To correct 
for any such autocorrelation, a Hildreth-Lu iterative (HILU) estimate on 


transformed variables is calculated and presented together with OLS 


estimates in Table 2. 


7/ Details of this calculation may be found in Appendix A. 
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In general, the estimated equations "berform reasonably well" 
in terms of explained variance and the sign and significance of coefficients. 
The use of the HILU technique leads to a "Rho" variable (autocorrelative 
variable) that is significantly different from ero 
Assuming some autocorrelation leads to a better over-all fit 
and a slightly better forecast as measured by the relative root mean 
squared errors of the two forecasts. 
Some preverse signs appear in coefficients in the estimated 
equations although in some cases these coefficients are not significantly 
different from zero. Thus, the signs oh the price of oil in the electric heating 
model and the price of gas in the electric appliance model are both negative but 
insignificant when we would expect electricty and these fuels to be 
substitutes for these end-uses. Similarly, natural gas demand for 
appliance use appears to be an inferior good. One explanation for these 
results rests with the assumption on the separability of the heating and 
appliance decision. There is no guarantee this assumption holds. Thus, 
for example, the negative sign on the price of oil in the heating model 
may capture part of the traditional oil-electricity complementarity 
between heating and appliance decisions where gas was the alternative. 
Or, the negative sign of income for natural gas appliance demand may 
reflect a downward adjustment for appliances from the income effect for 


heating from the heating model which has captured some appliance demand 


jn housing completions. 


8/ In our case, Rho <0. The rationality for this result depends 
on what Rho represents. For example, if the error structure on the 


levels is Ws puy_yt(1-p)uy _otA where A has the usual properties 


and 1>p>0 . Then for first differences the estimatel "Rho" should 
be negative. 
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Corresponding to each of the estimated equations in Tables 2 
and 3, Table 4 reports the corresponding elasticities evaluated for 
Ontario in 1971, given our normalization on the data. For new 
housing completions in our model, the change in electricity demand for 


heating due to a change in the price of electricity may be written as: 
e we 
dE -/ OP, = anc 
Consequently, the corresponding elasticity becomes: 
2) e 
JE. p ancP, 


) aS = 
e 
e E od oh 


hich op 


As Pe for Ontario in 1971 equals one, then, for this price, 


af 
of e 
he Cnc 


Although ae is estimated in our equation, enc is not 
measurable from the data. An estimate, enc » May be obtained by 


substituting values of prices for one year in the relevant part of the 
estimated equation. Thus, for Ontario in 1971 where Pepeas 3 Pg = 1 


(i.e. prices are normalized for Ontario 1971). ene = .015 and 


“aw 


EF = -6.06. If we wish to measure the price elasticity of heating 
demand including renovations and deaths of houses, the Ene = .040 and 
é, = -2.28. 

Consequently, heating elasticities appear to lie between two 
extremes if our allocation of the load is correct. However, this allocation 
is only an estimate. Table 4 reports these boundary values for all 
heating elasticities for both estimated equations for electricity and the 


single estimated equation for natural gas as well as reporting a single 


estimate of the appliance elasticity for existing households. 
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One feature of the appliance elasticities for electricity deserves 
comment. To the extent that the estimate of the coefficient on the 
lagged endogenous term is biased downwards, the speed of adjustment on 
the appliance stock is biased upwards. This, in turn, biases downwards 
estimates of the long-run price and income elasticities of the appliance 
demand for residential electricity. 

As the elasticity of the electricity and natural gas demand with 
respect to new completions is one by construction, the income elasticity 
of electricity for new completions depends directly on the income 


elasticity of housing demand .2/ 
Estimates of the income elasticity of housing demand in Canadian 


and American studies range from .35 to 2.3 with the majority of them 
between 0.6 and Or Thus, the income elasticity of electricity 
demand should fall within this same range. 

Forecasts for 1971 and 1972, the two additonal time periods of 
data that became available, are reported in Tables 2 and 3 for each of 


the four regions. Inspection reveals that generally, the model forecasts 


the growth rates reasonably well for the two years. 


9/ “Given, GRE 3 kc AE 


AED Vevabremte: (eetontt 
AY ‘EOF “AR E@AYAR Vee 
10/ These estimates are taken from Smith (1974:79-30). 
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Conclusions 


The model of residential electricity and natural gas demand 
developed in this paper is composed of two parts: 

(1) a modal choice model to explain the exclusive selection of 

one of the available choices of fuels for home heating (electricity, 

natrual gas, oi1); 

(2) a continuous choice model of durable appliance demand and consequently 

energy demand for appliances. 

The resulting empirical estimates indicate that major changes 
in the heating system of houses are very price and income responsive, 
whereas appliance decisions of a more continuous nature are much less 
price and income responsive with stocks adjusting fairly quickly towards 
their long-run levels. 

Both the electricity and natural gas models forecast changes 
in demand fairly accurately although a few caveats seem in order. 

The results of this study and any other study using the same 
estimation period must be used with caution when forecasting or 
analyzing policy for periods in which the explanatory variables have 
changed greatly. The period analyzed in this study, 1958-71, involves 
relatively smooth changes in real energy prices and the other explanatory 
variables. For changes of the same order of magnitude and speed, the models 
could be expected to perform reasonably well. The greater the difference 
between the values of the explanatory variables in the forecast period 
and their mean values for the estimation period, the greater is the variance 


of the forecast errors. In addition, as the model is a linear approximation 
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to a more general demand function, the further one is from the point of 
Soret one the greater is the difference between the true relationship 
and its linear approximation. Further, the larger are the changes in 
exogenous variables, the more difficult it is to maintain the assumption 
of .a constant rate of adjustment of che stocks of consumer durables. 
Finally, there is the question of seasonal, daily and hourly 
fluctuations in demand. For electric and gas utilities, especially for 
decisions on peaking capacity and optimal rate design, the time distribution 


of demand over the year is as important as total consumption during the 


year. 
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Table 1 

Variables 

A - indicates a one-year change in 

ES - total residential electricity consumption 

Eg - total residential natural gas consumption 

EP - residential electricity consumption for heating 

ie - residential electricty consumption for appliances 

EF - residential gas consumption for heating 

Ee - residential gas consumption for appliances 

H - number of households 

ey - "typical" electric heating demand by a household 

D - degree days below 65°F in the months of January to May and 
September to December 

fe - housing completions measured as a two year moving average of 
a sinyle family, semi-detached end row housing completions 
weighted by an index of size for heating requirements 

r - housing renvoations 

d - deaths of existing housing stock 

en; - "typical" electric heating demand for housing change i = e,r,d 

Po - the marginal price of electricty for residential consumers between 
500 kwh and 1000 kwh per month, deflated by the consumer price 
index (CPI), lagged one year. 

Py - the marginal price of gas to a typica! residential heating 


customer deflated by the CPI, lagged one year 
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Table 1 (continued) 


the retail price of home heating oi], deflated by the CPI, 
lagged one year. 
proportion of households with access to natural gas 


"typical" electric appliance load by a household 
"typical" natural gas appliance load by a household 
the stock of durable appliances using electricity 
the stock of durable appliances using natural gas 


the total stock of durables 

Canadian consumer price index for consumer durables, deflated 
by CP iz py (ors), a user cost for durables, lagged one year 

real discount rate, estimated as the ninety-day rate on 
commercial paper minus a correctrion for anticipated inflation 
a depreciation rate on consumer durables, assumed to be .10 
technologically optimal kwh or mcf per unit of electric or 

gas appliance respectively 

the annual rates of change in energy inputs per unit of service 
produced by durables and energy for electricity and natural gas 
respectively, assumed to be -.01 

a shadow price on stocks of appliances held by a "typical" household 
persona! disposable income per household, deflated by the CPI, 
lagged one year 


an estimate of the number of households in an area serviced by gas 
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Table 1 (continued) 


an estimate of the number of old households in areas newly 
serviced by natural gas 

the ratio between long-run desired natural gas consumption and 
actual average natural gas consumption 

a dummy variable equal to O prior to 1963, equal to 1 otherwise 
the annual rate of adjustment for households towards their target 
stock of appliances 

the rate of adjustment towards a target stock of gas appliances 
for existing households in the first year of newly established 


natural gas service 
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So) 
Table 4 
Elasticity Estimates 


I Electricity Demand 


i) Equation 1 (OLS) 


Variable Heating Appliance 
(upper ) (lower ) (long-run) 

EL(p.) -6.07 -2.28 -.01 

EL(p,) -5.00 -1.88 

EL(p,) Suro 1.40 -.07 

EL(p,(o+8)) -.03 

EL(c) 1 1 

EEG) Ao) 

7 -.74 


ii) Equation 2 (HILU) 


EL(p,) -6.86 -1.20 -.10 

EL(p,) 2029 40 

EL(p,) 4.7] .83 -.07 

EL(p,(p+5)) -.10 

EL(c) ] ] 

EL(Y) 24 
-.35 


Sil 


2384 


Table 4 (continued) 


II - Natural Gas Demand 


Variable Heating Appliance 
(upper ) (lower ) (long-run) 

EL(pe) | 3.70 2.53 51 

EL(p,) - 2.68 2.05 

EL (Pg) -1.77 -1.35 -.21 

FL (p,(o+8)) -.079 

EL(c) 1 Tae 

EL(Y) -.77 


v 
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APPENDIX A 


The proportion of households in areas serviced by gas is 
estimated using data on miles of distribution pipeline under six inches 
in diameter and the proportion of households in urban areas with population 
of 10,000 or more. 

A plot of miles of distribution pipeline per household suggests 
two phases of expansion in each region: an initial expansion in the more 
densely populated areas and a subsequent expansion into less densely 
populated areas. As the number of households potentially serviced per 
mile of pipeline is lower in the latter areas, the increase in the number 
of potentially serviced households for a given increase in pipeline 
mileage is also lower. By choosing the appropriate years for each phase 
and plausible values for the proportion of households potentially serviced 
at the end of each phase, series can be constructed for the whole 
estimation period for the proportion of households in serviced areas. 

The resulting formula used to estimate the proportion of households in 


areas serviced by gas, € , for each region is as follows: 


Quebec: &= .80 PLH URB PLH < PLH* 
E= .80 PLH* URB + .40 (PLH-PLH*) URB PEHi->-PLH* 
Ontario: €= .18 PLH URB PLA) <-PLH* 
€= .18 PLH* URB + .10 (PLH-PLH*) URB PLH > PLH* 
Prarves;:. .6= cc PLAZURB PLH < PLH* 
E= .22 PLH* URB + .04 (PLH-PLH*) URB PLH < PLH* 
Bees: €= .15 PLH URB 
€= .15 PLH* URB + .10 (PLH-PLH*) URB PLH > PLH* 


93 


230 


where PLH is miles of pipeline per thousand households, PLH* is 
miles of pipeline per thousand households at the end of phase 1, and 


URB is the urbanization ratio. 


The availability series used in estimating the models is a 


simple two-year moving average of the series & 


54 


NATIONAL ECONOMIC RESEARCH ASSOCIATES, INC. 
NEW YORK / WASHINGTON / PHILADELPHIA / LOS ANGELES 


AN ANALYSIS OF PRICE ELASTICITY 
OF INDUSTRIAL DEMAND FOR ELECTRICITY 
IN ONTARIO HYDRO'S SERVICE AREA 


A Report to 
Ontario Hydro 


sr 
National Economic Research Associates, Inc. 


March 1976 


55 


APPENDIX III 


I. INTRODUCTION 

The primary purpose of this study is to ascertain 
whether patterns of naw er iat fener for electricity within 
Ontario during the period 1964 to 1972 suggest price elastic- 
ities consistent with those estimated by NERA using United 
States data. These estimates range around -0.5 for a typical 
mix of industries. The main conclusion of the study is 
that the Ontario data do suggest very Similar underlying 
price elasticity values. Indeed, both the U.S. and Ontario 
data bases suggest the NERA results may be slight overesti- 
mates of true price elasticities (in absolute terms). 

In order fo factrcaes an understanding of the 
factors which should be incorporated in a complete econo- 
metric model of industrial demand for electricity, Section II 
provides an overview of the underlying economic issues of 
industrial demand for electricity. The role played by the 
price of electricity, the prices of alternative fuels, such 
as utility gas and fuel oil, and the possibility of substitu- 
tion among these fuels is emphasized. In addition, the im- 
portance of ascertaining the degree of substitution and/or 
complementarity among factors of production (such as between 
energy and capital) and the impact of increasing energy 
prices on the cost of production are discussed. Finally, 
consideration is given to the degree to which most economet- 


ric models have, to date, captured the economic issues we 
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outline. It is the objective of Section II to provide the 
reader with a theoretical framework against which to inter- 
pret the results we later present and against which to 
evaluate the attributes and shortcomings of the models con- 
sidered. 

Section III recapitulates the specification of 
the NERA model and presents the results of the comparison 
of the predicted growth rate! of industrial demand for elec- 
trical energy within Ontario Hydro's service territory with 
the actually experienced growth rate of demand. We conclude 
in Section III that the NERA model underpredicts (i.e., 
statistically underestimates) growth in industrial demand 
for electricity in Ontario Hydro's service area by approxi- 
mately 1.0 percent for most industries. 

Section IV expands the discussion of Section II 
and reviews two recent econometric models of industrial 


demand for electrical energy. The attempt of Section IV is 


to reconcile the slight disparity observed between the growth 


rates estimated by the NERA model and the actual growth rates 


in Ontario Hydro's service area. The fact that the NERA 
model consistently underpredicts growth during a period of 
rising real prices may suggest that our estimates of price 


elasticity are slightly high. Alternatively, this fact may 


1 In this context, the term "predicted growth rate" means 


the statistically estimated growth rate; it does not refer 


to an estimate of future growth rates. 


OF; 
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imply that the predicting equation is incomplete, i.e., that 
other significant causative variables have been omitted. 
Section IV provides a more complete discussion of the phe- 
nomena which might have contributed to the slightly low 
estimates. The two other models of industrial demand for 
electrical energy which are considered both incorporate at 
least some of the variables which may influence industrial 
demand for electricity but which are omitted in the NERA 
model. It is sufficient here to note that, even though 
these two models are substantially different from and per- 
haps more complete than the NERA model, both suggest price 
elasticities for electricity within close range of the NERA 
estimates. Therefore, it seems reasonable to conclude that 
the NERA estimates of price elasticity are, at worst, slight 
overestimations of real price elasticities (in absolute 
value). The NERA model's penchant for slight underprediction 
with Canadian data of historical growth may be due to improper 
specification of the price of competing fuel alternatives 
and/or to the omission of supplementary and complementary 
effects among the various factors of production, including 
energy inputs. 

An appendix is included at the end of the study 
which contains, among other things, pertinent historical in- 
formation on disaggregated industrial production. Historical 
data on substitution among different sources of energy within 


the industrial sector is also contained in this appendix. 
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The primary porte Ifsticrien £ this study are as fol- 
lows: as mentioned, patterns of industrial demand for elec- 
tricity within Ontario during the period 1964 to 1972 do 
suggest price elasticities consistent with those estimated 
by NERA uSing United States data. Consequently, it is our 
opinion that the NERA results can be used by Ontario Hydro 
for purposes of ascertaining the effect of electricity price 
changes on industrial demand for electricity. 

With respect to the NERA model's usefulness in 
forecasting changes in industrial demand for electricity 
brought about by changes in variables other mienkeaices it 
has already been noted that the model tends to underpredict 
growth in demand. The discussions (in Section IV) of the 
specification and conclusions of two other econometric 
studies and (in Section II) of the factors which should be 
incorporated in a complete econometric model of industrial 
demand for electricity suggest that further research is 
required to specify a model which fully captures the effects 
of all causative variables, including changes in energy 
prices and availability of competing fuels. 

Our recommendations to Ontario Hydro are thus: 

(1) to consider the NERA estimates of electricity price 
elasticity with respect to industrial demand as applicable 

to Ontario Hydro's service area; and (2) to pursue further 
research in the area of forecasting changes in industrial 
gemand for electricity, incorporating those factors discussed 


in Sections II and IV of this study. 
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Ii. THE INDUSTRIAL DEMAND FOR ELECTRICAL ENERGY: AN OVER- 
VIEW OF THE UNDERLYING ISSUES 


An ideal econometric analysis of the industrial 
demand for electricity should focus on at least three inter- 
dependent areas of research and should aim at providing 
answers to the following anee ones (a) is the industrial 
demand for electricity responsive to a change in the prices of 
electricity and alternative fuels such as VEDILEY (Gas, Owl, 
coal and LPG; (b) can electricity, or energy, be substituted 
for capital, labor or other types of raw materials; (c) does 
an increase in the price of electricity, or of energy, affect 
the average cost of production, and if so, does this effect 
have an impact on the demand for the final product? 

In order to answer these questions, the econometric 
model must consider electricity, gas, oil, etc. as inputs into 
the production process of the typical firm on a par with capi- 
tal, labor or other raw materials. Until the recent energy 
crunch, economists had concentrated their efforts on the study 
of production as being almost uniquely dependent on capital 
and labor and had omitted any reference to the role played by 
electricity, gas, etc. The dwindling U.S. supply of natural 
gas and the accelerating rise in the prices of oil and elec- 
tricity have shifted the focus of attention. It is now widely 
recognized that energy, as a factor of production, can seri- 
ously distort the level of industrial activity if its supply 
is severély limited or if it is available only at a much 


higher price than previously. 
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Available econometric analyses of the industrial 
demand for electricity have stressed the long-run impact of 
changes in price of electricity on changes in consumption of 
electricity./! A comparison of estimated long-run price elas- 
ticities from these different analyses is shown in Table II-1. 
In the course of their research, economists have evolved three 
important criteria for estimating viable models of industrial 
demand for electricity. These criteria are: 

1. The analysis must be disaggregated by type of 
industry since most industries are characterized by a unique 
technology that may explain, to a large extent, the differ- 
ences in electricity intensiveness found among industries. 

2. The analysis must consider the impact of price 
changes by end use. Industrial consumption of electrical 
energy is primarily for lighting, air conditioning and tech- 


nologically oriented uses such as motor drive.* Ina 


1” See, for example, T. D. Mount, L. D. Chapman and T. J. 


Tyrrell ».Electricity Demand sin) the! United States: ) An 
Econometric Analysis (Oak Ridge, Tennessee: Oak Ridge 


National Laboratory, June 1973); John Wilson, "Residen- 
tial and Industrial Demand For Electricity: An Empirical 
Analysis" (Ph.D. dissertation, Cornell University, June 
1969) and; R. E. Baxter and R. Rees, "Analysis of Indus- 
trial Demand for Electricity," The Economic Journal, 

Vol. 787) NO. 310 (une 1968)". 


2 The 1968 U.S. industrial electricity consumption was 
divided as follows: electric drive, 79.6%; electrolytic 
process, 11.7%; direct heat, 5.4%; other, 3.3%. See, 

U.S. Office of Science and Technology, Patterns of Ener 
Consumption in the United States (U.S. Government Printing 
Office, Washington, bec. a 072 eer toure, Li. p.. 85. 
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long-run equilibrium Situation, it can be assumed that there 
will be practically no possible substitution between elec- 
tricity and other fuels for lighting, and it is doubtful that 
there will be any for air conditioning. Therefore, changes 
in the price of natural gas or oil would not affect the con- 
sumption patterns of electricity for these uses. This is 

not the case with technologically oriented uses, however, 
where over a sufficiently long time period it is possible 

to devise new technologies which utilize gas or oil instead 
of electricity, 

3. The analysis must take into account the aggre- 
gation difficulties associated with variations in electricity 
intensiveness among sub-groups within the same industry and 
the influence of price differences among regions on the geo- 
graphical location of industries. 

Therefore, an answer to the first question raised 
above, namely, what is the effect of a change in the price 
of electricity and of other fuels on the consumption of elec- 
trical energy, is complex, especially in relation to the type 
of data usually available. It is believed, however, that an 
answer to the first question only would be insufficient for 
a thorough understanding of the problem at hand. If electric- 
ity, or energy, must be considered a bona fide factor of pro- 
duction, and we believe it must, then it is necessary to 
answer our second question: can there be any substitution 


between energy and other factors of production? This problem 


we, (mom (sh | Ooo, 


eA 


is considered more fully in Section IV of this study but 

it is important to stress a number of points here. Since 
the prices of all energy sources are increasing and the 
availability of utility gas and, to some extent, locally 
produced oil is becoming increasingly uncertain, it is pos- 
sible that these phenomena will exert a substantially 
depressing effect on the manufacturing sector. On the 
other hand, if substitution among factors of production 

is feasible, an infusion of capital or labor may be able 

to take up the slack created by the energy situation. 


Specific industries may thus decrease their consumption of 


energy either because prices are too high or because supplies 


are unavailable, and continue to produce at pre energy crisis 


levels. 


Finally, given that we can evaluate the impact of 
the prices of electricity and of other fuels on the demand 
for electrical energy, and that the problem of substitution 
among factors of production can be solved, we still need to 
know the effect that a change in the price of electricity 
will have on the cost of production, and ultimately on the 
demand for the final product of a particular industry. 


It is clear that answers to the three questions 


formulated above are of major importance not only to govern- 


mental agencies considering energy policies but also to 
private and public utilities that have to plan future 


energy supplies. An increase in the price of electrical 
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energy may lead to a cutback in consumption and, therefore, 
to a reduction in the need for additional generating capac- 
Ley tT moreover, a rise in the price of electrical energy may 
affect industrial production adversely if other investment 
opportunities are rendered more lucrative by comparison. 
Consequently, in the remaining sections of this study, we 
attempt to provide answers to these three main questions, 
but we are careful to indicate the limitations of available 


econometric models to answer these questions fully. 
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TABLE II- 


COMPARISON OF ESTIMATES OF LONG-RUN PRICE ELASTICITIES 


Fisher and ‘ 


Industry Kaysen’ Wilson? NERA 
(1) (2) (2) 

Textile -1.62 -1.22 -0.63 
Paper -0.97 -1.64 -0.56 
Chemical -2.60 -1.60 -0.91 
Petroleum 

Refining “<q -0.91 
Primary 
Metals -1.28 ee ou O98 


1. M. Fisher and C. Kaysen, A Study in Econometrics: 
The Demand for Electricity in the United States, 
(North Holland Publishing Co., Amsterdam: 1962). 

J. W. Wilson, "Residential and Industrial Demand 

for Electricity: An Empirical Analysis," unpub- 
lished Ph. D. diss., (Cornell University: 1969). 
‘Table III-2. 
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III. ECONOMETRIC ANALYSIS OF THE INDUSTRIAL DEMAND FOR ELEC- 
TRICITY 


In this section, we compare estimates of growth in 
industrial consumption of electricity which are suggested by 
the NERA model to actual industrial consumption of electric- 
ity. The method utilized is to apply the estimated coeffi- 
cients, obtained from using U.S. industrial data, to similarly 
defined Ontario industrial data. Our primary objective here 
is to analyze the predictive accuracy of the NERA forecasting 
model when applied to a comparably defined industrial data 
base for the Province of Ontario. The underlying supposition 
is that, if the NERA model accurately predicts the observed 
pattern of industrial consumption of electricity in the 
Ontario service area, it will then be possible to draw in- 
ferences as to the influence of output and of price changes 
in electricity and alternative fuels on the demand for 
electrical energy. We first consider the specification of 
the NERA model and then present the results of its application 
to Ontario Hydro's service area. 

A. The NERA Model 

The NERA model projects growth in usage by major 
industrial users as a function of the growth in output, the 
growth in the average price of electricity and the growth in 


the average price of alternative fuels. The functional 
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form of the model is such that estimated coefficients are 
elasticities. } 

The parameters of the U.S. model were estimated 
from a cross-sectional sample of Standard Metropolitan 


Statistical Areas (SMSA) and states for the year 1963. 


Electricity sales were regressed against a measure of economic 


activity, the price of electricity and the price of a major 
competing fuel (oil). 


In developing this model, we have focused on the 


need to disaggregate all manufacturing operations into separ- 
ate industrial components. This need arises because different 


production processes make different uses of electricity. In 


particular, process uses of electricity differ greatly as 


does the proportion of electrical power used directly in 


1 We would like to point out that the analysis of the indus- 


trial demand for electricity considered in this study 


makes use of only one such model developed by NERA. Kent 
Anderson, Senior Consultant at NERA's Los Angeles office, 


has also done extensive research in this area. His most 


recent model which analyzes sales to industrial customers 


is made up of data from eight different two-digit indus- 
ries and from a hypothetical ninth "all other" industry 


which uses coefficients that are averages for twelve addi- 


tional manufacturing sectors. The model includes two 
alternative sets of submodels: one set using fuel-split 


models and one set uSing electricity-only equations. The 
fuel-split models estimate total energy demand by industry 
and then divide this total between electricity on the one 


hand and fuels taken together on the other hand. The 
electricity-only model is made up of two equations, one 
determining the price effect and the other determining 
the total amount of electricity purchased. In general, 
the results suggest slightly larger elasticity coeffici- 
ents for the price of electricity, in absolute terms, 
than those reported in this section. 
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processes. Consequently, it makes no sense to study the sum 
totalof-industrial consumption, combining, for example, 
necesSarily large users of electricity such as aluminum 
plants with less intensive users such as food processors. 

Our analysis, therefore, develops separate equations for pro- 
jecting growth in electricity demand for each of five indus- 
tries which are intensive users of electricity: textile mill 
products, paper and allied products, chemicals and allied 
products, petroleum refining and primary Hee aie mm addr tion, 
a sixth category, all other industries, is considered. 

Not surprisingly, these pedeserpeleee also among 
the heaviest users of electricity in Ontario, accounting for 
63.0 percent of total industrial electricity sales in 1972. 
Consequently, it is logical to apply the five equations esti- 
mated from U.S. data to Canadian data for these industries, 
after transcribing the Canadian Standard Industrial Classi- 
fication (SIC) index into U.S. equivalents. (This procedure 
is shown in Table IiI-2.() “As is done for the U.S. model, a 
rate of growth for total sales to the industrial sector in 
Ontario Hydro's service area is calculated after weighted 
elasticity coefficients for each industry are combined. 

In addition to the disaggregation probiem, we en- 
countered an additional obstacle to accurately estimating the 
parameters of the equations from U.S. data. This second 
problem stems from the so-called "location effect," i.e., 


from variations in industry mix across geographical areas 


ee) oe A 
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due to the fact that, historically, energy-intensive indus- 
tries have tended to locate in low-fuel cost areas in the 
U.S. In the absence of specific modifications of our econo- 
metric model, our estimates of price elasticity in two-digit 
industries would not be free from these location effects, 
since two-digit industries are simply aggregates of more 
homogeneous three-, four- and five-digit industries. These 
Ssubindustries exhibit wide variations in their electric 
intensiveness. Failure to account for geographic variations 
in industry mix could lead to price elasticity estimates 
reflecting the relationship between electricity price and 
the type of industry locating in a particular area, rather 
than the relationship between electricity price and the 
industry's demand for electricity, net of location effects. 
The following example is illustrative of this 


point. If electricity price is related to mix but not to 


intensity of use, a rise in electricity price in a particular 


area will only affect electricity consumption in that area 
insofar as it rises relative to other areas which represent 
viable alternatives. A general rise in price in all areas 
would have no effect on electricity usage and even a rise 

in a single area would only affect consumption in that area, 
not in the country as a whole. If, on the other hand, elec- 
tricity price is really a determinant of intensity of use 
within a single, homogeneous industry, price rises in single 
areas Or in the nation generally would have the effect of 


curtailing growth in industrial demand. 
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In estimating the parameters of the six equations, 
we attempted to control for these variations in industry mix 
across areas. Initially, value added was used as a measure 
of economic activity. We then substituted for value added a 
measure of economic activity adjusted for industry mix. This 
variable measures what electricity consumption in each indus- 
try would have been if, for each of the more detailed indus- 
tries making up these aggregates, electricity consumption per 
Goilar of value added had been the same as in the United 
States generally. We then examined the relationship between 
the price of electricity and the differences between actual 
usage in each industry and that which would prevail if con- 
sumption in each subindustry were at the national average. 

To the extent that actual consumption was below that predicted 
in areas in which the price of electricity was high and above 
that predicted in areas where the price was low, this would 
suggest that intensity of usage was varying in response to 
electricity price and not simply to the mix of component in- 
dustries. 

The parameters reported in Table III-2 for industrial 
equations are interesting in several respects. First, the 
equations have ouput elasticities which, in all cases, are 
approximately equal to one. Other things being equal, this 
suggests that the growth in electricity sales is nearly pro- 
portional to the growth in output. This assumption is largely 


verified in Figures III-l through III-20, which show percentage 


i n/e/r/a 
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changes in the levels of value added, electricity consumed, 
and energy consumed for two-digit industries over the period 
of analysis. As can be observed from these figures, all 
three of these variables have, for the most part, tended to 
move together; this pattern is most consistent with respect 
to movements in electricity and value added. Similarly, 
Figures B-1 through B-19 of Appendix A, which show changes in 
the ratio of electricity per dollar of value added for two- 
digit industries over the historic period also tend to cor- 
roborate the econometric results. As can be observed from 
these figures, while the electricity per dollar of value 
added ratio has increased for a number of industries, these 
increases have been only moderate, i.e., the growth in elec- 
tricity sales has been nearly proportional to the growth in 
output for most two-digit industries. Second, the electricity 
price elasticities observed in these equations are quite low 
(ranging from -0.26 to -0.98, as shown in Table III-2) by 
comparison to other estimates reported in the literature. 
Third, in three of the industries examined, electricity sales 
are responsive not only to changes in the price of electricity 
but also to changes in the price of oil. Thus, a rise in the 
price of energy will have a smaller impact on electricity 


sales than a rise in the price of electricity alone. 


B. Appiication of the NERA Model to the Ontario Hydro 


Data Base 
In order to measure the predictive accuracy of the 


NERA industrial model and its applicability to Ontario data, 
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we have used it to analyze the growth in sales of electricity 
to individual industries between 1964 and 1972. These results 
are described in Table III-3. 

Three separate estimates of growth in consumption 
of electricity were made. The first set takes into account 
growth i areata added, unadjusted for industry mix, and 
growth in the real prices of electricity and oil. The sec- 
ond set takes into account growth in value added, adjusted 
for industry mix, and growth in the real prices of electric- 
ity and oil. The third set takes into account only growth 
in value added, adjusted for industry mix. It is our judg- 
ment that the first methodology best predicts industrial 
growth in Ontario Hydro's service area. The second method- 
ology, which adjusts for changing subindustry mix within the 
larger two-digit industries, on Gtay oacabaa growth to a greater 
extent than the first method. This may be due to the fact 
that the kilowatt-hour per dollar of value added ratio for 
a number of these fast-growing subindustries increased over 
the period of analysis; this phenomenon would not be reflected 
in our corrections for industry mix which are based on 1963 
ratios.” Therefore, based on comparisons of rates of growth 


in columns (1) and (2) (Table III-3), we observe that the 


* The graphs and discussion of trends in electricity consump- 
tion by key electric-intensive two-digit industries 
(Appendix A) are corroborative of the supposition that 
many of these subindustries probably increased in electric 
intensiveness. 
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NERA model consistently underpredicts growth in electricity 
consumption during the period 1964 to 1972 by approximately 
1 percentage point, except for the petroleum refining indus- 
try where the NERA model underpredicts growth by 3.9 percent. 
The disparity between actual and predicted values may be 
attributable to the influences of such omitted factors as 
the price of capital, the price of labor and the price of 
materials. Some of the disparity may also be explained by 
the shift from self-generation to procurement of electrical 
energy that may have occurred during this period and which 

is not accounted for by the model. The net impact of the 
omissions discussed above probably results in elasticity 
estimates for the price of electrical energy that are too 
nigh. As a consequence, a forecast will overpredict con- 
sumption when real prices are increasing. In the United 
States, the real price of electricity declined over the 
period. 1963 toel1971, a fact consistent with the NERA model's 
overpredicting the growth in consumption for that period 
(Table III-4). In Ontario, the opposite situation resulted, 
i.e.) the reals price) ofvelectricity increased: slightly sfor most 
industries, a fact consistent with the NERA model's underpre- 


dicting the growth in consumption during the period analyzed. ° 


$ An example may illustrate this point more clearly. Let 
us assume that the price elasticity for industry X is 
-0.6. If, during a ten-year period, the real price of 
electricity went down by 2.0 percent, the end result 
would have been to increase consumption by 1.2 percent. 
On the other hand, if the price had gone up by 2.0 per- 
cent, the impact would have been to decrease consumption 
by 1.2 percent. 


n/e/r 
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In general, we may conclude from the results that 
the demand for electricity by individual industries responds 
to a change in output (value added) and, to a more limited 
extent, to a change in the price of electricity. In addi- 
tion, for some industries, the price of oil is a significant 
variable. From these results (which are also confirmed by 
other studies), it is tempting to conclude that, in the 
future, higher electricity prices will reduce growth in 
industrial demand for electricity within selected manufac- 
turing industries. Furthermore, it is tempting to infer 
that higher electricity prices will bring about increased 


electricity conservation. 


However, there are at least three problems asso- 
ciated with this type of reasoning. It is, in part, to the 
consideration of these problems that we direct our attention 
in Section IV. As explained in the introduction of this 
study, we review two other econometric studies of industrial 
electricity demand in Section IV. Our attempt is to explain 
the slight disparity observed between the growth rates pre- 
Gicted by the NERA model and the actual growth rates in 
Ontario Hydro's service area. We do this by evaluating 


empirical findings in light of the theoretical considerations 


which follow. 
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TABLE ITT =2 


U.S. EQUIVALENTS OF CANADIAN TWO-DIGIT 
STANDARD INDUSTRIAL CLASSIFICATION INDEX 


United 
States Canadian 
(1) (2) 

Textile Products 22 18,23 
Paper Products 26 27 
Chemicals and Chemical 
Products 28 37 
Petroleum Refining 29 36 


Primary Metals 33 29 


, 4d 


ESTIMATED ELASTICITIES OF MANUFACTURING 


DEMAND FOR ELECTRICITY IN THE UNITED STATES 


Industry 


Textile Mill 
Products 


Paper and ; 
Allied Products 


Chemicals and 
Allied Products 


Petroleum 
Refining 


Primary Metals 


All Other 
Industries 


Output 
Elasticity 


(1) 


tg aks 


0.98 


0.98 


1Assumes oil is the 
*Significant at the 
Significant at the 


Electric Alternative 
Price Fuel Price 


Elasticity Elasticity’ 


(2) 


2 


-0.63 


-0.567 


09 te 


-0.917 


-0.98" 


=0-265 


alternative fuel. 
5 percent level. 
10 percent level. 
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(3) 


0.27 


TABLE III-2 
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FIGURE III 


ANNUAL PERCENTAGE CHANGE IN ELECTRICITY 
AND ENERGY SALES AND VALUE ADDED 
FOR TWO-DIGIT INDUSTRIES, 1964 TO 1972 
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IV. SUBSTITUTION, COMPLEMENTARITY AND THE DEMAND FOR ENERGY 


‘A. Problems in Interpreting the Results of the NERA 
Model as Applied to Canadian Data 


The first problem we encounter in interpreting the 
long-run implications of the NERA model, as applied to 
Canadian datas relates to the fact that He derived elas- 
ticity and cross-elasticity coefficients apply to hetero- 
geneous uses of electricity; they reflect unknown quantities 
of kilowatt-hours consumed for lighting and air conditioning 
as well as for more technological uses such as motor drive 
and process uses. It is possible that in the short run, 
higher electricity prices may encourage reductions in elec- 
tricity consumption for such end uses as lighting or air 
conditioning, but it is unlikely that higher prices will 
encourage reductions in the amount of electricity directly 
consumed in the production of the final product. In the 
long run, we must also consider whether electricity and oil 
(or gas, coal, etc.) are viable substitutes for specific end 
uses. However, this is a relatively minor problem because 
the more energy-intensive industries use a major portion 
of electricity in industrial processes and the elasticities 
obtained from the NERA model would reflect the long-run 
adjustment to price changes for the technological uses of 
electricity. 

The second problem we encounter relates to the 


inadequate treatment the model affords to the possibility 
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that other important inputs such as capital and/or labor 

may be either substitutes or complements for electricity or 
energy in production. The implications of research in this 
area are twofold: first, given bite the demand for electricity 
or energy is in some degree affected by price and that, on the 
one hand, electricity or energy and capital and/or labor are 
complementary goods, a rise in the price of energy and/or elec- 
tricity may be followed by a decrease in the demand for both 
electricity (energy) and capital (labor) and subsequently by 

a decrease in the level of output. If the case of complemen- 
tarity between electricity (energy) and other inputs is present 
in all industries, this phenomenon could imply that economic 
growth will undergo a gradual slowdown. If, on the other 

hand, electricity (energy) and capital (labor) are substitute 
goods, the slack created by a decrease in the demand for 
electricity or energy can be taken up by either an increase 

in the demand for capital or an increase in the demand for 
labor. The ultimate effects on output and economic growth 

are not intuitively apparent in such a case. Second, even 
though the demand for electricity or energy is price reactive 
and complementary with respect to capital or labor, the same 
amount of electricity or energy as before can still be pur- 
chased if the added production costs can be passed along to 

the ultimate purchasers of the products. In other words, 
because such inputs as electricity, energy, capital, labor, 


etc. are intermediate inputs, the demand for them is derived 
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and, consequently, dependent not only on their relative 
prices but also on the demand for the final product. The 
more price elastic the latter, the more it will be affected 
by an increase in the price of a specific input. 


B. A Review of Two Econometric Studies of Industrial 
Demand for Electricity 


Having established the potential importance of 
ascertaining the degree of substitutability and complemen- 
tarity among factors of production, we turn now to the 
results of two studies that provide evidence on these prob- 
lems. The first study by Berndt and Wood focuses exclusively 
on the problem of substitution and complementarity while the 
second study by Fuss grapples with the problems of substitu- 
tion and complementarity and of ultimate effects on final 
demand. 

1. Berndt and Wood Study? 

Berndt and Wood developed a model which consists of 
a translog production function where output is a function of 
capital, labor, energy and all other materials. From this 
production function, they derive a cost function where the 
total cost of producing a unit of output is dependent on 
the level of production and the prices of various inputs. 


The demand for a particular input is formulated as the cost 


1 §&. R. Berndt and D. O. Wood, "Technology, Prices and the 
Derived Demand for Energy," The Review of Economics and 
Statistics, Vol. LVII, August 1975, pp. 259-268. 
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share of that input as a function of the prices for each 
input. The price elasticities of demand for the various 
factors of production are defined in terms of cost shares 
and the partial elasticities of substitution between inputs. 

Data for, total U.S. Aanucacricing for the period 
1947 to 1971 is the basis for the model. The energy quantity 
index is derived from interindustry flow tables and includes 
data on coal, crude petroleum, refined petroleum products, 
natural gas and electricity purchased by establishments. 

The results obtained can be summarized as follows: 

“a. Energy demand is responsive to a change in 
the price of energy with elasticity approximately -0.47. 

b. Energy and labor are substitutable with 
the cross-price elasticity of energy with respect to labor 
equaling -0.18. 

c. Energy and capital show a degree of com- 
plementarity with cross-price elasticity of energy and 
Capital sat +0218. 

dad. Capital and labor are found to be substi- 
tutable. 

From these results, the authors conclude that 
because capital and energy inputs are complementary goods 
while labor and energy are substitute goods: 

...the lifting of price ceilings on energy 

types would tend to reduce the energy and 

capital intensiveness of producing a given 


level of output and increase the labor 
intensiveness. Moreover, since investment 
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tax credits and accelerated depreciation 

allowances reduce the price of capital 

services, (the complementarity finding) 

implies that these investment incentives 

generate an increased demand for capital 

and for energy. To the extent that energy 

conservation becomes a conscious policy 

goal, general investment incentives may 

become less attractive as fiscal stimu- 

lants.? 

2. Fuss Study? 

The Fuss study is essentially the same type of 
analysis as the Berndt and Wood StuUdys te too Ut. 1 1zes 24 
translog cost function derived from a production function 
and an input demand function defined from a cost function. 
There are, however, important differences between the two 
models. 

Fuss uses an aggregation of Canadian industries, 
while Berndt and Wood use U.S. Manufacturing establishments. 
There appear to be no a priori reasons, however, for the 
choice of sampled observations to affect the results sig- 
nificantly since industries in the two countries use the 
same basic technology. Furthermore, unlike Berndt and Wood 
who derive an energy price index, Fuss derives the cost of 


energy as a function of the cost of electricity, natural 


gas, coal, etc. This methodology enables him to analyze the 


2 Ibidzjepeameere 


* M. Fuss and L. Waverman, The Demand for Energy in Canada, 


confidential report for the Department of Energy, Mines 
and Resources, Institute for Policy Analysis, University 
of Toronto, Toronto, Canada, February 1975. 
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degree of substitution between the various fuels directly 
and the influence of price on the demand for an individual 
fuel. Fuss also uses the estimated price of energy as an 
instrumental variable in the final cost equation. This two- 
stage procedure further enables him-to answer the questions: 
a. What is the effect of a change in the 
price of a fuel (electricity, for example) on the cost of 
production? 
b. What is the effect of a change in the price 
of a fuel on the demand for the service of labor or capital? 

Thé empirical results reported are for total manu- 
facturing using a combined time series cross-sectional sample 
of four regions (Quebec, Ontario, the Prairies, and British 
Columbia and Yukon) for the period 1961 to 1971. 

For the total manufacturing model, it is found that 
the price elasticity for electricity for Ontario is approxi- 
mately -0.43 with cross-elasticities varying between 0.21 
for electricity and natural gas, and 0.75 for electricity and 
fuel oil. The degree of price elasticity for energy is 
found to be slightly lower for Ontario-- -0.36--with cross- 
elasticities between energy and capital of 0.0035 and 
between energy and labor of 0.034. Fuss concludes that his 
results confirm the presence of substantial interfuel sub- 
stitution and a relatively low degree of substitution between 
energy and capital, and energy and labor. These latter results 
are in direct contradiction to the Berndt and Wood results 


that energy and labor are substitute goods but that energy 
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and capital are complementary goods. Based on our analysis 
of the trends in substitution among fuels within two-digit in- 
dustries in Ontario,” the Fuss results which confirm substitu- 
tion among the most important fuels seem most credible. 

| Fuss also uses his results to analyze the influ- 
ence of a change in energy prices on the average cost of 
production. He finds that if the price of energy for total 
manufacturing were to double, average production costs would 
increase by approximately 1.5 percent. If the price were to 
triple, average production costs would rise by 5.0 to 8.5 
percent. He thus concludes that substantial increases in 
the price of energy would exert little effect on production 
costs. 

The total manufacturing elasticity estimates ob- 

tained from the Fuss model and from the Berndt and Wood 
model are not dissimilar--approximately -0.4 in both cases-- 
despite the different data bases used. A major dissimilarity, 
however, lies in the fact that Fuss found some degree of sub- 
stitution between energy and Capital while Berndt and Wood 
found these two factors to be complementary. As already 
pointed out, the subject of whether substitution or comple- 
mentarity exists between capital and energy is important 
because substitution may imply continued economic growth 


even if the price of energy continues to increase. On the 


“ For a more complete discussion, see Appendix A. 
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other hand, complementarity between energy and capital leads 
to opposing consequences because an increase in the price of 
energy would tend to decrease the demand for both energy and 
capital with the possible consequence of slowing down the 
rate of production and economic growth. 

A possible explanation for these conflicting results 
may be found in the data base used. While energy is often 
used with capital to replace labor, energy can also be con= 
served by increasing capital investment. For example, better 
insulation, more efficient motors, and computer control each 
involve additional capital investment aimed at saving energy. 
Thus, in many instances, gross complementary of capital and 
energy may coexist with some degree of substitutability. A 
refrigerator (capital) uses energy (electricity) to replace 
labor required. Without the refrigerator, more frequent 
purchasing--with related labor expense--would be required. 

In this situation, energy and capital are complements. How- 
ever, it is also possible to reduce energy consumption in 
refrigeration by installing equipment with increased (and 
costly) insulation. Such modifications would be more advan- 
tageous in periods of rising energy costs, for example. 

Consequently, it may not be so surprising that 
the Berndt and Wood study, which uses data going back to 
1947, finds capital and energy to be complementary, while 
the Fuss study, using data going back to 1961 (and also 


cross-sectional data), finds them to be slightly substitutable. 
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While it may be valid to infer that energy and capital will 
tend to be more like substitutes in the immediate future, a 
sweeping generalization to this effect must be interpreted 
with caution. 

Whatever the case, the results obtained from the 
two studies briefly reviewed in this section must be con- 
Sidered with a degree of caution for two reasons in particu- 
lar. First, in relation to the formulation of the demand 
for a factor of production equation, the derivation of the 
demand equation is such that the dependent variable is the 
cost share of the input in the total cost of producing the 
output. The cross-elasticity coefficient between two fac- 
tors, energy and capital for example, thus depends on the 
value of the regression coefficient of capital in the energy 
demand equation and on the product of the cost shares of 
capital and the cross-elasticity coefficient between capital 
and energy. A problem arises because, for a given value of 
the regression coefficient, cross-elasticity will be higher 
the greater the disparity in cost share between two factors; 
similarly, price elasticity will be lower, the greater the 
disparity in cost shares between two factors. This implies 
that if a factor has come to play an important role in the 
production process, i.e., total cost outlays on that input 
are large in relation to other inputs, it will have a lower 
elasticity coefficient. Therefore, the estimated elasticity 


is valid only for the sample selected and forecasts based on 
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such elasticity estimates are bound to be misleading because 
as prices of inputs change, demand for factors may change. 
This phenomenon would alter the cost shares and eventually 
suggest different elasticities from those originally obtained. 
The following discussion is illustrative of this point. 

If an energy-intensive industry spends a large per~ 
centage of its total cost of production on energy, the price 
elasticity of energy will be low. One must bear in mind, 
however, that high energy cost shares may have been due to 
cheap energy prices during the period under study in the 
first place. If energy prices are altered drastically and 
the cost share for energy decreases, its price elasticity 
should increase. Thus, estimated price elasticities cannot 
be considered reliable guides for policy decisions. 

A second and more serious flaw present in both 
studies is the aggregation of all industries under the gen- 
eral heading of total manufacturing. With the exception of 
the Fuss analysis of the food and chemical industries at the 
two-digit level, both studies are predicated on the assump- 
tion that all industries can be treated as one. It should 
be obvious, however, that even at the two-digit level, indus- 
tries cannot be compared because such factors as technology 
and mix of inputs vary substantially among them. At the 
risk of belaboring the obvious, Figures A-1 through A-19 of 


Appendix A illustrate that the mix of energy components for 
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industries within Ontario Hydro's service territory diverged 
markedly over the period 1964 to 1972. Similar trends could 
probably be observed for such other factors of production as 
capital, labor and raw materials. Finally, even Fuss' attempt 
to disaggregate is open to criticism along these lines because, 
as already noted, two-digit level analysis does not take 
account of important differences among component subindustries. 
Treating separate industries such as food and chemicals (as 

in the Fuss study) at the two-digit level without taking into 
account the role of subindustries also introduces a bias in 
the results. 

The problem with an aggregated analysis of all 
industries or even with a two-digit level analysis is that 
such procedures fail to take into account the composition. of 
products endemic to each industry. We pointed out, in Sec- 
tion III, that subindustries tend to vary in terms of their 
electricity intensiveness; and that subindustries which use 
more electricity per dollar of value added tend to locate in 
areas where electricity is inexpensive. Price elasticity 
estimates from studies that are based upon aggregated data 
or that have not considered the location effect are biased 
and cannot provide reliable guidelines for policy analysis. 

On the positive side, the two studies reviewed in 
this section are nevertheless the best of their kind from a 
methodological point of view. The selection of a translog 


function in both studies must be highly commended as well 
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as the separate treatment of energy and its components as 
inputs alongside with capital, labor and other raw materials. 
BE ee aeidens that energy can exert a significant influence 
on both the level and rate of growth of production (as evi- 
denced in the U.S. by recent industrial curtailments of 
natural gas). In the short and intermediate run, shortages 
of energy components are more efficacious than increases in 
the price of such components because the effect of price 
increases very much depends on whether additional energy 
costs can be passed along to buyers of the products and 
whether energy is a substitutable or a complementary good 
vis-a-vis other factors of production. 

When and if the methodologies of the two studies 
considered are applied to a more detailed sample of indus- 
tries, estimates of price responsiveness and of the degree 
of substitution and complementarity among factors of produc- 
tion should clarify our understanding of the issues involved. 
The benefits to be gained from such clarification are, of 
course, invaluable to those faced with the onerous task of 
formulating future energy policies. 

C. Summary of Results and Conclusions 

Both the objectives and conclusions of this study 
have been discussed in Section I. We will briefly recapitu- 
late them here. 

This study was undertaken primarily to determine 


whether patterns of industrial demand for electricity within 
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Ontario during the period 1964 to 1972 suggest price elas- 
ticities consistent with those estimated by NERA using United 
States data. The method we use to make that determination 

is to apply the elasticities estimated using U.S. industrial 
data to similarly defined Ontario industrial data. We conclude 
that the Ontario data do suggest very similar underlying price 
elasticity values, though it is possible that the -0.5 estimate 
of overall industrial price elasticity may be a Slight over- 
estimation of the actual value. Consequently, it is our 
Opinion that the results obtained can be used by Ontario Hydro 
for purposes of ascertaining the effect on industrial demand 
for’ electricity of electricity price changes. 

Another objective of this study was to review the 
recent models of industrial demand for electricity done by 
Berndt and Wood and by Fuss. Both of these studies incor- 
porate variables which have been omitted from most of the 
econometric models (including the NERA model) to date and 
which we feel should be included in a complete model (Sec- 
tion II). While we conclude that the results obtained in 
these two studies are certainly not definitive (in some 
cases, the results of the two studies contradict one another), 
we feel that both studies are important contributions toward 
developing a complete model of industrial demand for elec- 
tricity. In particular, the incorporation of energy as an 
input in the production function, along with capital and 
labor, is, in our opinion, a significant contribution to 


the task under consideration. 
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In view of the fact that the NERA model underpre- 
dicts (in the statistical sense) growth in industrial demand 
for electricity in Ontario Hydro's serivce area over the 
period of analysis, we conclude that further research along 
the lines developed in Section II (and attempted by Berndt 
and Wood and by Fuss) is required to capture fully the effects 
of all causative variables on industrial demand for electric- 
by on 

Consequently, as stated in Section I of this study, 
our recommmendations to Ontario Hydro are: (1) to consider 
the NERA estimate of electricity price elasticity with respect 
to industrial demand as applicable to Ontario Hydro's service 
area; and (2) to pursue further research in the area of fore- 
casting changes in industrial demand for electricity, incor- 
porating those factors discussed in Sections II and IV of 


this study. 
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APPENDIX A 


THE ROLE OF ELECTRICITY WITHIN ONTARIO HYDRO'S INDUSTRIAL 
SECTOR: AN ANALYSIS OF TRENDS 


Throughout the period 1964 to 1972, electrical 
energy sales to the industrial sector accounted for over 
30.0 percent of total Ontario Hydro sales. Table A-1 shows 
that a high of 40.8 percent was reached in 1966, followed by 
a steady decline to a low of 32.7 percent in 1972. During 
that same period, total electrical energy sales grew at an 
annual rate of 7.6 percent while sales to the industrial 
sector increased at an annual rate of 5.0 percent. The 
largest single yearly increase in sales to industrial users 
occurred between 1965 and 1966 when the rate of growth was 
9.9 percent. 

Tables A-2a and A-2b reveal that three industries 


(Primary Metals [SIC 29], Paper and Allied Products [SIC 27] 


and Chemicals and Chemical Products [SIC 37]) have consistently 


accounted for over 60.0 percent of the total industrial elec- 
trical energy sales of Ontario Hydro. Primary Metals has 
been the largest customer with over 22.0 percent of indus- 
trial electricity consumption. The share of consumption 
accounted for by the Paper and Allied Products industry 
declined gradually from a high of 22.4 percent in 1964 to 

a low of 18.0 percent in 1971. The Chemicals and Chemical 
Products industry's share of consumption peaked in 1969 at 

a value of 18.0 percent but decreased rapidly thereafter. 


In general, the industrial sector increased its consumption 
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of electrical energy by approximately 5.0 percent per year 
petweeniioes and 1972. However, during that same time period, 
three other industries (Transportation Equipment [SIC B21; 
Tobacco Products [SIC 15] and the Furniture and Fixture 
industry [SIC 26]) had yearly rates of increase in consump- 
tion of 10.0 percent or greater. 

The growth in industrial demand for electricity 
within the Province of Ontario during the period under study 
was accompanied by a significant increase in the demand for 
total energy (Table A-3). We find that total energy consump- 
tion increased at an annual rate of 3.2 percent, as compared 
to. aor percent increase for electricity alone. Moreover, 
electricity as a percentage of total energy consumed increased 
from 16.2 percent in 1964 to 18.4 percent in 1970 and to 18.0 
percent in 1972. 

These aggregate figures, though useful in themselves, 
fail to reveal interindustry differences. Tables A-4a, A-4b 
and A-5 indicate that the Primary Metals (SIC 29), Paper and 
Allied Products (SIC 27) and Chemicals and Chemical Products 
(SIC 37) industries are not only the largest consumers of 
electricity but also of total energy. These three neuster ee, 
combined, accounted for over 55.0 percent of the total energy 
consumed by industries in Ontario in 1972. Among the fastest 
growing users of energy, the Petroleum and Coal Products 
(SIC 36), Wood (SIC 25), and Furniture and Fixtures (SIC 26) 


industries may be singled out. 
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Analysis of energy demand for the average estab- 
lishment (Table A-5) reveals that plants of the Primary 
Metals (SIC 29) and Paper and Allied Products (SIC 27) indus- 
tries are the highest average users of energy. Other indus- 
tries, though relatively small users of energy in absolute 
terms, also reveal high average use (e.g., Petroleum and 
Coal Products [SIC 36], Tobacco Products [SIC 15] and Wood 
[SIC e25 ie 

With respect to substitution among fuels used by 
two-digit industries, analysis of historical trends reveals 
the following pertinent trends:? 

a. By 1972, coal accounted for less than 10.0 
percent of total energy consumed in all but two industries, 
to wit, Primary Metals (SIC 29) and Transportation Equipment 
(SIC 32). This result is particularly striking because, in 
1964, coal was the most important source of energy in seven 
industries and the second most important source in an addi- 
tional six industries. By 1970, though, coal's share had 
declined to less than 5.0 percent in 12 industries. 

b. The share of electricity has been increas- 


ing in all but four industries.’ 


1 See Figures A-1l through A-20. 


2 It must be pointed out, however, that the rate at which 
electricity has been gaining ground has been relatively 
slow. 
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c. Utility gas has increased its share at a 
rather fast pace since the 1968 to 1969 period. By 1972, 
it was the most important fuel in 14 of 19 industries, acu 
counting for over 40.0 percent of total energy consumed in 


12 industries. 

d. The share of fuel oil has been declining 
steadily in most industries since 1968, and was lower in 
1972 than it was in 1964 in 12 of the 19 industries. 


It is difficult to draw definitive conclusions 


from this analysis because data by end uses are not provided. 


For example, we know that a large percentage of coal, Old 
and natural gas is used for space heating purposes while 
electricity is mainly used for lighting and technologically 
related uses. Figures A-l through A-19 clearly show that 
there has been substitution between utility gas, oil and 
coal. The use of electricity has also increased but to a 
lesser extent than that of the other competing fuels. What 
these graphs do not show, however, is whether there has been 
any significant substitution between electricity and other 
fuels for industrial processes or technologically oriented 
uses. 

Given the kind of data available, we can, however, 
determine whether individual industries are becoming more 
energy intensive and/or more electric intensive. As can be 
seen in Figures B-l through B-20, of the 19 two-digit indus- 


tries studied, only eight were more energy intensive but 15 
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were more electric intensive in 1972 than they were in 1964. 
Of the 11 industries that have decreased their energy con- 
Sumption per dollar of value added, eight have shown an in- 
crease in the amount of electricity consumed per dollar of 
value added. All eight industries that have shown an increas- 
ing degree of energy intensiveness have also shown an increas- 


ing in their use of electricity. 
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TABLE A-1l 


TOTAL KILOWATT HOUR SALES TO ONTARIO HYDRO'S 
INDUSTRIAL USERS 


1964 .~, 1972 


Total Electri- 


Total Electri- cal Energy 
cal Energy Sold to All 
Sold by Ontario Hydro 
Ontario Industrial 
Hydro Users Percent 
-<------- (Millions of Kwh) --------— (2) x100: (1) 
Cr) (2) (3) 
1964 41,115 16,307 39.7 
1965 44,213 ie ad Ay 40.2 
1966 47,944 19,541 40.8 
1967 50,725 19,941 3943 
1968 54,816 21353 39.0 
1969 58,413 21,671 c WAAR 
1970 63,815 23,084 36.2 
1972: 67,817 23,638 34.9 
1972 75,036 24,513 BLA 
Annual Rate 
of Growth 7.6% 5.0% 


Source: Col. (1): Ontario Hydro, Statistical Yearbook, 
Supplement to the Sixty-Sixth Annual 
Report for the year 1973, pp. 2-3, 
Col. (2): Ontario Hydro, Trends in Ener 
Use Within Ontario Manufacturin 
Industries, 1964-1972, Report NC: 
PMA=/5=5, “ps A ° 
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TABLE A-2a 
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FIGURE A=-.3 
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FIGURE A-19 
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FIGURE A-20 
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FIGURE B 


TRENDS IN ELECTRICITY AND ENERGY 
INTENSIVENESS By TWO-DIGIT INDUSTRY 
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FIGURE B=2 


Energy 
(Thousands of Btu/$Value Added) 


; °G-SL-VWd °ON 310day 
TLOT-¥96T “SeTaAAsnpuy Hbuyanqzoejnuew oTsaeqUG 
ULTUITM asp Jougq Uy Spus1Z, ‘oipAy OFIBIUQ :adI1NOS 


wA/46198uq 


“— eee = ean” 


WA/4Q FOZ IQOST YA 


SI SIS ‘SLONdOUd ODOWEOL 


(peppy eNTeAS/NI@ JO sSpuRSsnoyL) 


Aa yop AAeT_ 


151 


PIGURE. B=3 


Energy 
(Thousands of Btu/$Value Added) 


“S-SL-WWd 2ON 310day 
‘ZL61-b96T ‘“SayaAASNpuy Huyanyoeynuey OTIe#UGO 
UPUQTM asg 190uq Uy Spuary, ‘o1ipdAy OF IeVUO 


:903NOS 


cLOT OL6T 896T 996T V96T 


Ot | 


02 
va/Abi0ugq 


~ ao = &— ce. «= 
= om, 


0€ 


Ov 


A/AQ FOF AAOATY 


9T DIS “SLONGOUd SOILSwid GNW Yaagany 


(POPPY SNTRAS/NIg JO spuesnoyL) 


A3yOTIAeT_ 


152 


FIGURE B-4 
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FIGURE B-9 
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FIGURE B-11 
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FIGURE B-17 
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APPENDIX IV 


DATA _USED IN ONTARIO HYDRO RESIDENTIAL MODEL 
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TABLE 1 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora | 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 


26, 2097035 
3073427763 
90,346,481 
9079737486 
84,611,805 
130,845,402 
58,207,439 
211, 3677763 
59 5 426;°263 
SU PLZ 2 4688 
40, 7527956 
205,862,748 
717 (3597429 
88, 6367283 
39,043,467 
15,489) WOW 
166,385, 369 
393), 0207229 
LO7 08 7235 
32,795,944 
145,860,019 
248 , 443,982 
20 7 7/96R050 
33°, 7LOV S40 
435,830,509 
33,,87157853 
404,210,416 
29,340,202 
109,416,848 
LLOG 7 BL, G23 


North York 
Oakville 
Orillia 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
SteaThomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Ontario Hydro Statistical Yearbook, £S7 1, 


UA 


Residential kWh consumption of electricity, 1971 


1,070; 8895179 
166,098 74/55 
2 yp 273" 950 
257,214,629 
820,609,984 
53; I9Oe NS 
39,487,408 
174,451, 388 
29,884,184 
3€,428, 706 
47,417,701 
202,35 75 ia 
57, 20S pose 
116,040,496 
137; 85 (eee 
24, Ui Sloe 
63,046,953 
296), 91 Jie 
15,293 4707 
274,394,083 
Lp166; 532 2265 
37,427,706 
99,128 7816 
18,404, 240 
87,708,818 
64,188,065 
71,696,356 
349 , 989,691 
64,324,524 
2012755 2,061) 


GABLE #2 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobo':rg 
Dundas 
EGstsyork 
Etobicoke 
Galt ss 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Number of residential customers, 1971 


North, York 
Oakville 
Oni iia 
Oshawa 


“Ottawa 


Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto. (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Source Ontario Hydro Statistical Yearbook, 1971 
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TABLE 3 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantiord 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
Eastavork 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 


Niagara Falls 


North Bay 


Source 1971 Census of Canada 


3,265 
3,615 
8,335 
10,620 
122276 
19,415 
6,275 
23,795 
10,505 
3,355 
4,925 
38, 270 
82,290 
DD igre 8, 
4,490 
4,460 
17,555 
94,570 
3236 
3,280 
18,530 
33,510 
3,230 
3,935 
69,150 
9,560 


41,630 

5,060 
19,425 
1022 


North Ho 
Oakville 
Oral lig 
Oshawa 
Ottawa 
Owen Sou 
Pembroke 
Peterbor 
rort’ Cot 
Preston 
Richmond 


St. Carharines 


St... | hem 
Sarnia 


rk 


nd 


ough 
borne 


shidige 


as 


Scarborough 


Simcoe 
Stratfor 
Sudbury 
Thorold 
Thunder 
Toronto 
Trenton 
Vaughan 


d 


Bay 
Cory) 


Wallaceburg 


Waterloo 
Welland 
Whitby 
Windsor 


Woodstock 


York 
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Total occupied dwellings with house heating, 1971 


146,155 
16,,,6.55 
6,760 
2,645 
9:2: 900 
Di nbj20 
4,365 
L325 
6,245 
4,895 
8,680 
825805 
87.050 
164950 
914.535 
34550 
7,650 
24,455 
4,150 
Bi 2ho 
224,395 
4,210 
4,270 
ay,190 
10,830 
P27805 
6,610 
DoIOo oO 
IRAE NS Ss) 
46,525 


TABLE 4 Occupied dwellings where electricity princi 


pal 


fuel used for house heating, Oe 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford | 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 1971 Census of Canada 


NSD 
215 
770 
i035 
470 
950 
12D 
1,085 
235 
280 
160 
1,645 
23995 
dee OU 
145 
260 
1,405 
2,099 
425 
45 
1,745 
2,030 
160 
310 
37500 
Webs 
4,390 
330 
465 
870 


North York 
Oakville 
Onpil va 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Strattord 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


TABLE: 3 Occupicd dwellings where gas principal fuel used 


5 for house heating, 1971 


Ajax 

Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
3rockville 
Burlington 
Chatham 
Cobourg 
Dundas 
EaspeYork 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 1971 Census-of ‘Canada 


2, 260 
Lipo? e 
24380 
328. 
6A9L0 
D sh SO 
2,005 
i i eK 8 fo (0) 
97 e0e 
b Mpa O)a Whe: 
2,450 
12,670 
31 20 
5,045 
2,59 
2,700 
8.205 
39 7,80) 
VA Pi We) 


Zu LO 
2,020 
10,385 
2,600 
B ypriod he) 
47,695 
PART EHS) 
22473 10) 
2,145 
137 320 
6,000 


North York 
Oakville 
Gniliia 
Oshawa 
Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port. Colborne 
Preston 
Richmond Hill 
st. Gatharanes 
Se... nomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
ZOronto” (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstgck 
York 
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TABLE. 36 


Ajax 
Aurora 
Barre 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
Easterork 
Etobicoke - 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 


3,,209 
3,010 
8,38) 
10,620 
Us per ATA ®) 
19,415 
Sows) 
23, Moo 
10, 205 
eRe eIe iS) 
4,925 
3B 243 
827,290 
Ll 200 
4,490 
4,460 
17 7385 
94,575 
3205 
SLD 
187,539 


33,588 
37225 
3,358 

697 255 
9,565 

41,630 
5,060 

19,420 

13,025 


1971 Census of Canada 
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North York 
Oakville 
Oritira 
Oshawa 
Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 


St. Catharines 


St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 


Moronteom (city) 


Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Total,occupied dwellings with water heating, 1971 


146,160 
16,655 
6,765 
26,450 
92,905 
5,815 
4,570 
174 326 
6,245 
4,895 
8, 680 
32,805 
8,050 
16,955 
91,535 
3,550 
7,655 
24,455 
4,155 
S75 
224, 395 
4,215 
4,270 
3,195 
10,830 
12,800 
6,610 
59,660 
7,930. 
46,525 


TABEEW 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newnarket 


Niagara Falls 


North Bay 


Source 1971 Census of Canada 


910 

1 {835 

6; 19 

8,186 

5,745 

In280 

4,885 

dle IOe 
1,865 

27980 

2.020 

184550 
43,960 
6,858 

1,955 

1,828 

10,665 
40,950 
1,475 

LB575 


14,595 
23,150 
875 
253320 
27,205 
6, 725 
18,890 
2,932 
5 Leo 
tos 5 


North York 
Oakville 

Omi ia: 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
Sta; Gatharines 
St. Thomas 
Sanna 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto; (cicy) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Occupied dwellings where electricity principal 


fuel-used-for—water-heating,.1971 


70, 260 
10,660 
4,595 
21,470 
71,545 
4,535 
S625 
VS, S5e 
1,425 
2,740 
5,490 
J, Joe 
31,1965 
3,800 
45,500 
qebrichey) 
5,500 
18,410 
1,445 
L777 30 
965.330 
37,2175 
37850 
500 
67385 
1,900 
54285 
E2990 
4,980 
24,695 


TABLE Occupied dwellings where gas principal fuel used 


for water, heating, ,1971 ee 
Ajax 211.40 North York 56,720 
Aurora 1,680 Oakville 5, 205 
Barrie Ve. Ori igs 2,010 
Belleville 2,065 Oshawa 3,755 
Brampton 5,000 Ottawa 11,885 
Brantford 9,550 Owen Sound 1,125 
Brockvilie-. da 30 Pembroke 550 
Burlington 10,690 Peterborough 2,970 
Chatham 8,560 Port Colborne 4,735 
Cobourg 705 Preston 2,090 
Dundas 2,020 Richmond Hill 2,940 
Bast) York 13,480 St. Catharines LITE 
Etobicoke 29,955 St. Thomas 3,930 
Galt 4,170 Sarnia 12,910 
Georgetown 2,475 Scarborough BU! 
Grimsby 2710 Simcoe 2,145 
Guelph 63,359 Stratford 1,965 
Hamilton 47,520 Sudbury 4,600 
Kapuskasing 1,655 Thorold 2,630 
Kenora 1,670 Thunder Bay 12,790 
Kingston 150 10 Moronten (city) 96,240 
Kitchener 8, 290 Trenton 855 
Leamington 2,340 Vaughan 325 
Lindsay 1,220 Wallaceburg 27679 
London 39,915 Waterloo 3,880 
Markham 2,445 Welland LOu fLS 
Mississauga 20,545 Whitby 1,210 
Newmarket 1,975 Windsor 45,885 
Niagara Falls 13,235 Woodstock 2,865 
North Bay = op ee York Lae io 


Source FO7) Census of Canada 


TABLE 9 Total occupied dw 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 1971 Census of Canada 


llings with cookin 


Pens LWEGOOC OORT 2 oC SS ee 


North York 
Oakville 
Oriivrs 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St® Catharines 
St. “Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto) (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 
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facilities, 


146,165 
16,099 
6,760 
26,445 
O27 900 
SOLS 
a O79 
Ny BOR: 
6,245 
4,895 
8,680 
32,005 
8,050 
167955 
Giro Se 
23/050 
F690 
24,455 
4,150 
Sr 275 
224,395 
47,210 
4,270 
S,LIo 
10,830 
i oe 
6,605 
39,699 
To32 
46,525 


Oven 


TABLE 10 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East Youk 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 1971 Census of Canada 


Occupied dwellings wh 


27570 
B71 30 
hee 
98755 
104.215 
14, 200 
5, 240 
pie 130 
5) eehe ke) 
3,085 
4,005 
32,665 
76,780 
9,455 
30995 
3,600 
14,920 
ioe DO 
S907) 
3,015 
ie 2.5 
327050 
1,860 
S005 
50,885 


9,040 © 


38,070 

4,500 
14,605 
di675 


North York 
Oakville 
Orillia 
Oshawa 

Ottawa 

Qwen Sound 
Pembroke 
Peterborough 
Port Golborne 
Preston 
Richmond Hill 
St) ‘Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratzord 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


ere electricity principal 
fuel used for cooking, stow 


TABLE i) 


Ajax 
Aurora 
Barrie 
Belleviiie 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East vork 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 


1971 Census of Canada 


Occupied dwellings where gas principal fuel 


used for cooking, LO7) 


North York 
Oakville 
Orillia 
Oshawa 
Ottawa 


Owen Sound 
Pembroke 


Peterborougn 
Port Colborve 
Preston 
Richmond Hill 
St. Catharines 
St€«. Lhomas 
Sarna 
Scarborough 
Simcoe 
Stragtord 
Sudbury 

Thox odd 
Thunder Bay 
horonto, (erty) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 
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TABLE 12 

Ajax 5/00 North York 
Aurora 3.60 Oakville 
Barrie Sow Ori) wa 
Belleville 5200 Oshawa 
Brampton 1. oO Ottawa 
Brantford 5.69 Owen Sound 
Brockville 590 Pembroke 
Burlington 7.20 Peterborough 
Chatham 5.60 Port Colborne 
Cobourg 4.30 Preston 
Dundas 6.30 Richmond Hill 
East Works - 4.80 St) Catharines 
Etobicoke 508 St. Thomas 
Galt 6.20 Sarnia 
Georgetown 5.80 Scarborough 
Grimsby 4.90 Simcoe 

Guelph 5.60 Stratford 
Hamilton 4.65 Sudbury 
Kapuskasing 4-510 Thorold 
Kenora 4.35 Thunder Bay 
Kingston 4.40 Toronto (city) 
Kitchener 5.00 Trenton 
Leamington 5.25 Vaughan 
Lindsay oa Wallaceburg 
London 6.90 Waterloo 
Markham 7.30 Welland 
Mississauga 6.25 Whitby 
Newmarket 5.85 Windsor 
Niagara Falls 3.70 Woodstock 
North Bay 5. 20 York 

Source Typical bills. and monthly rates, Ontario Hydro 


Typical net electricit bill) 250-KWhs Siok 


dele. 


and) the associated municipal utilities, July 1971. 
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TABLE Ds 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


North York 
Oakville 
Oriblia 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Had) 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (eity) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


iyplenl nee Clecericicy bill, 000 KNin July itor i 


Source Typical bills and monthly rates, Ontario Hydro and 


the associated municipalities, July 1971. 


TABLE 14 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
BrantLrerd 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
EaGtevouke © 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 


12.43 
12622 
L266 
L2e Zo 
14.55 
2228 
12578 
VS Sos 
PIR SS 
LOmBO 
Psa 
LOw74 
Larey 
ae ZEON 
L2a30 
Limo 
LORge 
LT S65 
LORS 
1LOZ85 
12228 
11250 
isos 
Lie 2 
E2290 
14.68 
Nip SS 
BEE Sh) 
LESaS 
L2345 
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North York 
Oakville 
Orillia 
Oshawa 


‘Ottawa 


Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Typical net electricity Hille, -OOORkWh oe wUuly leon : 


12 08 
14.65 
LO269 
V3.250 
8.45 
Pidgeo0 
13,00 
LAWALL 
Zio 
12.48 
11.00 
12.583 
Lede 
12360 
LOS Da 
12550 
13. ES 
Pee 
LETSS 
10.05 
11.40 
LOT 
14.10 
Lo 
14.15 
2. O33 
12.380 
13.68 
Zu 2S 


Peilnisecoye! 


Typical bills and monthly rates, Ontario Hydro and 
the associaccdamunderpalitses, July 1971. 


TABLE 15 


Ajax 

Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guclph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 


L241 Q 
229m 50 
216300 
237500 
249.40 
220m90 
230:.70 
252.40 
242 300 
206.60 
23 aU) 
2LG R70 
264.07 
221 55)0 
218 500 
216 830 
234.80 
23:3 220 
22051156 
Mad AA) 
Zoo 
213-00 
Bi) 
25/320 
PENN) 
293 eb0 
243.40 
240.00 
216.65 
231.40 


North York 
Oakville 
Ori iia 
Oshawa 


‘Ottawa 
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Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St... Catharines 
St... Thoma's 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
LOrONtoO Karty) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


TVDICal Mec CheCurre rey “Ora iy 20 pOOOeKWhiwed Ul yore 1971, $f 


23140 
248.80 
220.00 
247.00 
199.40 
212°420 
237.40 
236.70 
225.30 
2207p 
206.00 
240.40 
218.00 
22220 
222.70 
232.00 
239.80 
210.00 
232.56 
195.60 
232.99 
217.60 
259.70 
218.20 
243.40 
Deri 
237.40 
253.10 
227310 


241750 


Typical bills and monthly rates, Ontario Hydro and 
the associated municipal utilities, July 1971. 


TABLE 16 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
East’ Yor 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


SoOumece 
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Typical jetlelectricity bill, 30,000 kWh, daly 


North York 
Oakville 
Orillia 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St weCathar ines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


1,197), 


341.40 
358.80 
330/00 
357.00 
305.65 
Seer 
347.40 
341.70 
B380niS0 
33250 
306.00 
344.15 
3LB200 
320200 
328.00 
331.00 
338250 
315.00 
338245 
284.10 
329.40 
32d 
368.45 
Slwei20 
353.40 
33.2007 6 
347.40 
368.10 
332276 
3395.90 


Typicalibilis and monthly rates, Ontario Hydro and 
the associated municipal utilities, July 1971. 


TABLE SI? DVpiGal Net. Gas, bids L 00 cubic! feet, 51971 i$ 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

Bast Wome 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source The various gas companies (See Appendix 2) 


North York 
Oakville 

OnLE La 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Cokborne 
Preston 
Richmond Hill 
St.. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stvatford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 
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TABLE 18 Averaqe income of individuals 15 years and over, 1 


Ajax 4,745 North York 27 308 
Aurora 4,630 Oakville 31, 301 
Barrie 4,183 Orr lia 4,045 
Belleville hey digs ll Oshawa 4,327 
Brampton SO as Ottawa 4,944 
Brantford 3,961 Owen Sound 3,914 
Brockville 4,333 Pembroke Sao 
Burlington 5, 309 : Peterborough 4,231 
Chatham moses, Port Colborne 34,800 
Cobourg 3,886 Preston 4,173 
Dundas 4,838 Richmond Hill 4,563 
East York 4,817 St. Catharines aoe 
Etobicoke 5, 233 St. Thomas 4,105 
Galt 4,004 Sarnia 4,670 
Georgetown 4,921 Scarborough 4,740 
Grimsby a eWas Simcoe 4,267 
Guelph 4,282 Stratford a7 Le 
Hamilton 4,112 Sudbury 4,839 
Kapuskasing 4,204 Thorold 3,755 
Kenora 4,062 Thunder Bay 3,997 
Kingston a7 508 Toronto (city) 47,931 
Kitchener 4,410 Trenton 3,908 
Leamington 3, 806 Vaughan 5,418 
Lindsay 3,773 \ Wallaceburg 3,839 
London 4,546 Waterloo 4,805 
Markham 3,862 Welland 31,907 
Mississauga 5,522 Whitby cane ei, 
Newmarket a LT) Windsor 4,566 
Niagara’Falls 3,996 Woodstock 4,178 
North Bay 4,059 York 4, 268 


Souree 1971 Census of Canada 
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TABLE 19 Percentage of individuals 15 years and. over with 


income less than $3,000, SEO 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobo'rg 
Dundas 

East: York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitehener. 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 19:7 le Cansius.cof- Canada 


24.37 
267,60 


ed a 


SoZ 


30751 
SN esse: 


North York 
Oakville 
Orai lia 
Oshawa 


‘Ottawa 


Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
St -7rLhemas 
Sarnia 
Scarborough 
Simcoe 
Stmathord 
Sudbury 
Thorold 
Thunder Bay 
Torontor(caty) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


TABLE §20 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
East York 
Etobicoke 
Gat 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 


Niagara Falls 


North Bay 


Source 1971 Census of Canada 


3, 260 
3,610 
8, 300 
10,620 
1.275 
19,405 
6,265 
23,805 
10,530 
3,395 
4,930 
38, 290 
82,295 
11,260 
4,490 
4,460 
17,570 
94,590 
3), 240 
3,290 
18,500 
33,505 
33,225 
3,930 
69,130 
9,555 
41,635 
5,055 
19,445 
13,060 


Totak occupicd dwellings, 1971 


North York 
Oakville 
Ora ) baa 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. GCathanines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stxatiord 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


146,175 
16,700 
6,760 
26,480 
92,810 
5,855 
4,550 
17,365 
6,245 
4,890 
8,680 
32,850 
8,065 
16,965 
915 S25 
3,550 
7/625 
24,440 
4,155 
315.245 
224,440 
4,180 
4,270 
431, 20:5 
LO7S35 
12,800 
. 6; 630 
59,740 
=, 930) 


© 14-77301 


TABLE 20 Number of occupied dwellings built 196] to 1971 inclusive, 
MOTE 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
brockville 
Burlington 
Chatham 
Cobourg 
Dundas 

East York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source [OV Genscusr om Canada 


1,376 
1,145 
2,585 
2,670 
6,125 
3,695 
1,335 
11,525 
2,250 
665 
1,410 
10,095 
28,430 
3,375 
1,835 
1,560 
5,920 
22,295 
775 
445 
5,300 
12,935 
400 
615 
23,585 
5,550 
26,385 
1,500 
3,945 
3,540 


North York 
Oakville 
Orillia 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Colborne 
Preston 
Richmond Hill 
St. Catharines 
St... Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto: ity) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


Number cf£ occupied dwellings with piped hot and cold 


TABLE 22 
water in dwelling, iw? 

Ayan 3,245 North York 145,635 
Aurora 3), 580 Oakville 167540 
Barrie 8, 210 Orillia 6,610 
Belleville 10-620 Oshawa 26, 280 
Brampton 114205 Ottawa 92,040 
Brantford 19,190 Owen Sound 5, 160 
Brockville 6,190 Pembroke 4.9350 
Burlington 23,660 Peterborough L7PESS 
Chatham LO"NST5S Port Colborne 6,130 
Cobourg 3355 Preston 4,840 
Dundas 7 4,895 Richmond Hill 8,475 
East York 38,090 St. Catharines 327620 
Etobicoke 81, 390 St. Thomas ago 
Galt 1S Sarnia 16,860 
Georgetown 9,470 Scarborough 91,035 
Grimsby 4,395 Simcoe 3,506 
Guelph 17, 385 Stratford 7,520 
Hamilton 93,870 Sudbury 28,175 
Kapuskasing 3,160 Thorold 4,090 
Kenora 3 060 Thunder Bay 30 , 500 
Kingston 187,340 Toronto (city) 222,235 
Kitchener 33,190 Trenton 4,055 
Leamington 3,180 Vaughan 4,130 
Lindsay 3, 845 Wallaceburg 3,130 
London 68,672 Waterloo 10,760 
Markham OnE ee Welland 12,665 
Mississauga 41 , 360 Whitby 6,515 
Newmarket 5, 02D Windsor 59, 280 
Niagara Falls 19229 Woodstock hiss 
North Bay 12,850 York _ 946, 75 


Source 


1971 Census of Canada 
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TABLE 23 Number of occupied dwellings with piped cold water 


Oniye don Gye ling, pel Oi. 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
bur kenmton 
Chatham 
Cobourg 
Dundas 

East: York 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 
Niagara Falls 
North Bay 


Source 1971 Census 


of Canada 


North York 
Oakville 
Orillia 
Oshawa 

Ottawa 

Owen Sound 
Pembroke 
Peterborough 
Port Golborne 
Preston 
Richmond Hill 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratfond 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


TABLE 24 


Ajax 
Aurora 
Barrie 
Belleville 
Brampton 
Brantford 
Brockville 
Burlington 
Chatham 
Cobourg 
Dundas 
East miork 
Etobicoke 
Galt 
Georgetown 
Grimsby 
Guelph 
Hamilton 
Kapuskasing 
Kenora 
Kingston 
Kitchener 
Leamington 
Lindsay 
London 
Markham 
Mississauga 
Newmarket 


Niagara Falls 


North Bay 


Source 1971 Census of Canada 


TOisaw! apartments, ES heal 


North York 
Oakville 
Orillia 
Oshawa 
Ottawa 

Owen Sound 
Pembroke 
Peterborough 


Port Colborne 


Preston 
Richmond Hill 
St. Catharines 
St. Thomas 
Sarnia 
Scarborough 
Simcoe 
Stratford 
Sudbury 
Thorold 
Thunder Bay 
Toronto (city) 
Trenton 
Vaughan 
Wallaceburg 
Waterloo 
Welland 
Whitby 
Windsor 
Woodstock 
York 


TABLES Heading degree days - normal 


Ajax 7,500 North York 7,008 
Aurora TCAs Oakville 6,700 
Barrie 8,200 Orillia 8,463 
Belleville 15108 Oshawa 7,600 
Brampton hee Ottawa 3,760 
Brantford ~ 102 Owen Sound 7,762 
Brockville ZOO Pembroke 9,100 
Burlington 6,800 Peterborough 8, 300 
Chatham 6,503 Port Colborne 6, 700 
Cobourg 7,700 Preston 7,700 
Dundas Jagl0 Richmond Hill 7,700 
East York 7,008 St. Catherines Soy, 
Etobicoke 7,008 St. Thomas 7,073 
Galt 7,600 Sarma 7,081 
Georgetown 7,817 Scarborough 7,700 
Grimsby Gi pve Simcoe 7,419 
Guelph ise: Stratford 8,000 
Hamilton 7,043 Sudbury 10,000 
Kapuskasing 11,905 Thorold 7,800 
Kenora 10,962 Thunder Bay 10,686 
Kingston eS hOronco (City) 6,773 
Kitcrwener 7,566 Trenton 7,910 
Leamington 6,547 Vaughan 7,800 
Lindsay 8,400 Wallaceburg 6, 668 
London 7,744 Waterloo 7,566 
Markham 7,200 Welland 6,691 
Mississauga 7,100 Whitby 7,200 
Newmarket 7,300 Windsor 6,754 
Niagara Falls 6,881 Woodstock Ly Site 
North Bay 9,894 York 7,008 


Source Senior Meteorologist, Power Systems Operations Division, 
Ontario Hydro. 


~ 
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ation from youn 1971 


TABLE 26 Heating degree days - deviation trom nore. ——— 


Ajax 5 
Aurora 40 
Barrie 80 
Belleville 110 
Brampton 5 
Brantford = 70) 
Brockville 120 
Burlington -30 
Chatham ~130 
Cobourg 30 
Dundes -30 
Basie York -10 
Etobicoke -10 
Galt -60 
Georgetown 5 
Grimsby -40 
Guelph -50 
Hamilton -14 
Kapuskasing -248 
Kenora -127 
Kingston ae 
Kitchener -60 
Leamington -160 
Lindsay 110 
London =119 
Markham -5 
Mississauga 20 
Newmarket 2a 
Niagara Falls -75 
North Bay -31 


North York -10 
Oakville -25 
Ort) fia 100 
Oshawa -10 
_Ottawa 137 
Owen Sound 5 
Pembroke 2D 
Peterborough 130 
Port Colborne -140 
Preston -60 
Richmond Hill 10 
St. Catherines -40 
St. Thomas -150 
Sarnia -140 
Scarborough -5 
Simcoe -175 
Stratford -80 
Sudbury y 
Thorold -60 
Thunder Bay -264 
Toronto (city) -47 
Trenton 80 
Vaughan 20 
Wallaceburg =150) 
Waterloo -60 
Welland -100 
Whitby -10 
Windsor -156 
Woodstock ; -90 
York -~10 


SOUT ee Senior Meteorologist, Power Systems Operations Division 
y 


Ontario Hydro. 
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